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flat band ???




| will not talk on this:

Klaus von Kilitzing 1985

2d electron gas in magnetic field
Quantum Hall effect

Quantized conductance

Landau levels

Protected by topology

ALL BANDS FLAT !!!

But this is NOT what | will discuss.
Though we might get back to it




And | will not talk on that:
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(a) experiment

T. Schwartz et al.,
Nature 446, 52
(2007)

H. Trompeter et al., PRL 96, 023901
(2006); PRL 96, 053903 (2006)

Discrete solitons

D. N. Christodoulides et al., Nature

424 817 (2003)



Waves on lattices
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(a) experiment




Tight Binding Networks:

i)y = — Z R
N

Ui (t) = gre "

E¢; = — Z i1
N

Consider periodic lattice with discrete translational invariance:

band structure E,, (k)
l<p<sv
flat band : Vi FE, (k) =0 for any k
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Invert the procedure!

If we find one CLS, we find a macroscopic nhumber!
All to the same eigenvalue!

So we know then there must be a Flat Band!
Without the painful transformation into k-space!
Without the need to diagonalize matrices!

How can we find the CLS?



Flach,Leykam,Bodyfelt,Matthies,Desyatnikov, EPL (2014)

Detangling U=1

Ea,= a,— An41 — OGp—1 — bp—1 — bn—l—l — tbna

E b, = Lbn —An41 —An—-1 — bp—1 — bn—l—l —tay,.



Flach,Leykam,Bodyfelt,Matthies,Desyatnikov, EPL (2014)
Detangling U=1
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Flach,Leykam,Bodyfelt,Matthies,Desyatnikov, EPL (2014)

Invert the procedure, generalize to all U=1 classes of models !

(a) 0 0 0 1 (D)

This is the most general Flat Band Generator in any
lattice dimension d and any hopping range for class U=1
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Some formula for d=1

@En 1s a vector with components v, ,,
=12, .. v

EJn — Zm Hn—mzzn—m : H,, = Him
H,, = 0 for |m| > |m.

m. = 1:

Hot,, + H11;n+1 + Hirl;nq = Ei,




Maimaiti,Andreanov,Park,Gendelman,SF, PRB 2017

v=2,m.=1




Maimaiti,Andreanov,Park,Gendelman,SF, PRB 2017

The most general FB Tester in one dimension

Sufficient condition for the existence of a CLS with m,. = 1:
tridiagonal U x U block matrix

(Hy Hi 0 0 ... 0 )
H Hy H 0 ... 0
0
0 ... 0 HI Hy H
\ 0 ... 0 0 H H |
possesses CLS as eigenvector (@51, ?;2, . ,JU) and

HNEU = Hirlzjt =0 .



Maimaiti,Andreanov,Park,Gendelman,SF, PRB 2017

Turning the FB Tester into a systematic local new FB Generator for d=1

U=1,v=2 m.=1:

0 0 0 0
HO:(O 1)’H1:(0 |d|ew)

We obtain all known FB models (e.g. cross-stitch) plus their
time-reversal symmetry broken extensions!



Maimaiti,Andreanov,Park,Gendelman,Flach, PRB 2017

U=2, two bands, d=1

U=2,v=2 m.=1:

Hy = a0, 0){p,
Flat band energy ‘go fy> _ .COS ©
PR ’ e’V sin
cos 6
0,0) = 5 .
9,9) e sin 6
(a) (b) . (c)
Yoele ¥ :
11;"-.2 /; w cz) w 3
k k
Basis rotation yields generalized sawtooth  (a) Generalized sawtooth (ST)
v/h lines: zero onsite energies (b) known ST : filled circles

Curved lines: two hoppings equal (c) new ST : filled squares



Generalizing FB Generator for d=1 to any number of bands and any U

PHYSICAL REVIEW B 99, 125129 (2019)

Universal d = 1 flat band generator from compact localized states

Wulayimu Maimaiti,"* Sergej Flach,' and Alexei Andreanov’

- o = n

N Y

AN

Y XY XYY
VaVAVAS

//

o
El
N
3

E(k)
E(k)
|

E(k)
Mhormuwau
E(k)
=




Extending FB Generator to d=2, and more: beautiful results!

Wulayimu Maimaiti, Alexei Andreanov, SF, PRB 103, 165116 (2021)

» Shape of CLS relevant classifier in d=2
« All Bands Flat: U=1 in suitable basis!

(a) (b)

by ’
| Yy
4 unit cells 3 unit cells Z 2 i \ Ix



flat bands: a needle in the haystack
with a surprising internal structure

you do not simply run into a FB lattice Hamiltonian
A typical lattice Hamiltonian will lack FBs
finetuning in H-space of lattice Hamiltonians for FBs

symmetries in H-space: predict and protect FBs

perturb FB Hamiltonians off finetuned subspaces

expect many exotic phases with phase transition hypersurfaces

transition surfaces will originate from FB H-subspace
FB H-subspaces act like singularities

finetune perturbations or many body interactions !




Flat Bands and Compact Localized States

Finite hopping range, finite band number

A Flat Band

COMPACT LOCALIZED STATES as FB eigenstates!

Due to DESTRUCTIVE INTERFERENCE !

The CLS set can be:

« orthonormal = spans the entire FB Hilbert space

» linearly independent = spans the entire FB Hilbert space

* linearly dependent = missing states: CLLines, band touching

Certain fine-tunings allow for ALL BANDS FLAT (ABF) — orthonormal!

900006
XX XX XY
P R S T




Compact Localized States in FB Hamiltonians




A bit on history

(a) (b)

B. Sutherland 1986 E.H.Lieb 1989

CLS in dice lattice! HTSC, CoO, planes
Hubbard model
Bipartite lattice

FB ferromagnetism

A.Mielke 1991
Line graphs!

H.Tasaki 1991
Decorate!

Perturb!
Keep FBs!
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CLS-based FB generator

A black box, with knobs

« Turn the knobs to the right position of FB classification R
* Then turn the handle
 The box will produce all FB Hamiltonians

The knobs:

« Lattice dimension: d

 Number of bands : v, aka number of lattice sites per unit cell
* Unit cell size of CLS : U

« Shape of CLS : s (for d>1)

SF, D.Leykam, J.Bodyfelt, P.Matthies, A.S.Desyatnikov, EPL 105, 30001 (2014)
W.Maimaiti, A.Andreanov, H.C.Park, O. Gendelman, SF, PRB 95, 115135 (2017)
W. Maimaiti, SF, A. Andranov, PRB 99, 125129 (2019)

W. Maimaiti, A. Andreanov, SF, PRB 103, 165116 (2021)

W. Maimaiti, A. Andreanov, PRB 104, 035115 (2021)



All Bands Flat

finite hopping range and number of bands, All Bands Flat: orthonormal CLS
- a finite number of noncommuting local unitaries will diagonalize H

Example: v = 2 all band flat lattice

g , 0 0 11
1Yy = —HoYpn — Fitppi1 — Hivp_1, eg. Creutz Hy= 0 ol H; =

U. 2 {

- : I :‘\— U1 Q \\ T Q
< w 4 w.
o= (S ) = (s )

historical examples: Vidal et al PRL 85 3906 (2000), PRL 81 5888 (1998)

H ~
@ n%n e=0
= RN v +1 +1
‘ K x e AN +1 +1
iy iy iY -
e e e 0 0 g=+2
-1 +1




Antisymmetries

Flatbands can also emerge as a consequence of a symmetry.
Local and latent symmetries have been shown to generate
flatbands [32,33]. The other class of symmetries are global
symmetries of the Hamiltonian. A global symmetry is asso-
ciated with a symmetry operator I" which is either unitary or
antiunitary. A single-particle Hamiltonian # is antisymmetric
if the following relation holds: T" - # - I'"! = —#. The anti-
symmetry implies that for each eigenvalue E with eigenvector
|Yg) there exists the negative eigenvalue —E with eigenvector
" [¥g). If the total number of eigenvalues is odd, it follows

that at least one of them is zero. Translationally invariant
lattice Hamiltonians are characterized by the number of their
sublattices. Transforming the Hamiltonian into Bloch mo-
mentum space and observing F(lz) - ”H(I_é) - F_l(l_c)) = —7—[(75)
results in a macroscopically degenerated symmetry-protected
E = 0 flatband for an odd number of sublattices.

One such example is the chiral symmetry that is realized by
a unitary operator I'. The chiral Hamiltonian in momentum

space turns bipartite, H(fé) = (T%) T((»k)), where O is a

null matrix and T (fé) is a rectangular matrix. Chiral flatband
models and exhausting flatband generators have been reported



Ramachandran,Andreanov,SF, PRB96 161104(R) 2017
Symmetry protected FB generators: Chiral Flat Bands
Bipartite Lattices Possess Chiral (Sublattice) Symmetry

the lattice separates into A and B sublattices A B
onsite energies are zero E\IJ o= g tz - \IJ .
hoppings connect only A with B sublattices ¢ J =]
hoppings within each sublattice are absent

EUP =) t; ;U4
That is chiral symmetry ’ J
if {UA4, UB) is eigenstate to energy F 0 T
A B ix o e ( TV 0
then {+W*, FWU"} is eigenstate to energy —F

a) b)

%



Lieb’s theorem (Lieb PRL 1989):
if dimension d* is larger than d”

then there exist at least (d* — d?) eigenstates

{W4, 0} with energy E = 0.



Ramachandran,Andreanov,SF, PRB96 161104(R) 2017

Symmetry protected FB generators: Chiral Flat Bands

Known but modified CFBs Generating new CFBs
(a)‘ I/>:/>? (b) Lﬂ (Ac) i ._l .
E i Ec§ E I .




Chiral Consequences

the CLS is always located on the majority sub lattice

assume that the CLS has a volume V

the number of equations n, ~ eV + sV/1-1/d

the number of variables n, ~ vV

for large enough V' a CLS can be always computed

v =3 : CLS with U = 1 exceptional even in d = 1
v =>5: CLS with U =1 only for d =1 and p“ =4

This is in particular true for any symmetry-preserving hopping disorder:
Chiral flat bands are protected by symmetry, and their modified CLS as well!



PHYSICAL REVIEW A 105, L021305 (2022)

anti-PT protection AnPT Sathands

Arindam Mallick," " Nana Chang ©,">*" Alexei Andreanov ®,"*¥ and Sergej Flach"-*$

d-dimensional tight binding non-Bravais lattice, with odd number of bands
anti-PT symmetry: 4. 4. A'=-% A =7 -P = central band E=0 is flat!
This symmetry protected FB supports compact localized states

Add DC field: infinite Wannier-Stark ladder of (d-1)-dimensional irreducible
band structures

Each irreducible band structure keeps one flat band!

No compact localized states! Only exponential localization!




PHYSICAL REVIEW RESEARCH 3, 013174 (2021)

Wa n n I e r-Sta rk F B s : a I I d Iffe re n t ! Wannier-Stark flatbands in Bravais lattices

Arindam Mallick,"* Nana Chang ®,"? Wulayimu Maimaiti,"-> Sergej Flach,!* and Alexei Andreanov ® !4

« d-dimensional tight binding Bravais lattice: one dispersive band
« Add DC field: infinite Wannier-Stark ladder of (d-1)-dimensional FBs!

* No compact localized states! Superexponential Localization!

« Only condition: no hoppings aligned along the direction perp to the DC!
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+ perturbation = ?

Single particle perturbations (linear wave equations):
« CLS hybridization with dispersive states for non-gapped FB
 CLS-CLS hybridization (e.g. for gapped FB, or AlIBandsFlat! )

Many body perturbations (linear, but high dimensional Hilbert space):
- critical filling factors for fermions due to Pauli for U>1

* interactions destroy ground state degeneracy

* Interaction induced transport

Mean field perturbations (nonlinear wave equations):
« persistence of CLS as periodic orbits
 enhancement of transport due to interactions



S. Flach et al, EPL (2014); D. Leykam et al, EPJB (2017)
Weak Disorder

Non-gapped FB: Q Q Q
CLS represent strong scatterers €n
Effective Cauchy disorder for dispersive states ® f- a

Novel scaling law at FB energy

Gapped FB:
Finite localization length due to CLS-CLS hybridization
Finite localization length due to gap separating from dispersive bands

Chiral FB with symmetry-preserving disorder:
CFB is preserved, and protected by nonzero gaps
CLS modify but stay compact



S. Flach et al, EPL (2014)

Example: Cross-Stitch

1
DPn = E(an"*_b) fnZT( _bn)a
1, ., _ 1
e;tzi(erﬂ—e) en—§(e —eb)
S o Ep,= (e —t A
e Pn (en )pn —'_ en f?’L (pn—I—l "|_pn—1)
g = Ef,= (e +1t) fnt+e,pn.



S. Flach et al, EPL (2014)

Treating Cross-Stitch Y P
X o 3

i €,
P(en) = 1/W for |e,| < W/2 ; o o
LL2 fn

()

" E—t—ef

] Uy = X (pn—l +pn+1)

2 =1/et we =5 [P(5)P(s-3) @

CLS generate disorder with heavy Cauchy tails



Tight binding chain with Cauchy disorder:

¢ ~ 1/W? inside the spectrum

¢ ~ 1/W1/2 at the edge

Treating Cross-Stitch

W=05,1,2,4

10*

10}

10%}

Gapped FB with U =1 :

(a)

(b)

—'4—'2(')2E4 6

Lloyd 69,
Thouless ‘72

Ishii ‘73

Deych et al ‘00,’01
Titov et al ‘03

S. Flach et al, EPL (2014)
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E(W — 0) — constant # 0



Bodyfelt,Leykam,Danieli,Yu,SF, PRL 2014
Danieli,Bodyfelt,SF, PRB 2015

1D cross-stitch, Aubry-Andre model 6% — —62 =\ COS(Qﬂ'O&TL)
(B =0 = 2 s~ 2t + pur)
Pn — I 1t an Pn—1 Pn+1
(e7)* = A% cos?(2man) = ) 11 + cos(4dman)]
~ 22
E p, = cos(4man) — _
Pn 4(E t) ( ) (pn 1 =+ pn—|—1)
~ _ 2
b= E-t_ A
2 4(E +t)

Mobility edge (energy dependent potential strength at metal-insulator transition)
)\2
A(E +t)

=2 = \NE)=22|F+1




Bodyfelt,Leykam,Danieli,Yu,SF, PRL 2014
Danieli,Bodyfelt,SF, PRB 2015

Quasiperiodic perturbations: engineering MIT and mobility edges!

Cross-stitch diamond modified diamond
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Khomeriki,SF, PRL 116 24301 (2016)

Landau-Zener Bloch oscillations with perturbed flat bands
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All Bands Flat + Disorder = Metal-Insulator Transitions

Metal-insulator transition in infinitesimally weakly disordered flat bands

Tilen Cade?
Center for Theoretical Physics of Complex Systems, Institute for Basic Science (IBS), Daejeon 34126, Republic of Korea

Yeongjun Kim," Alexei Andreanov,* and Sergej Flach®
Center for Theoretical Physics of Complex Systems, Institute for Basic Science (IBS), Daejeon 34126, Republic of Korea
and Basic Science Program, Korea University of Science and Technology (UST), Daejeon 34113, Republic of Korea
® (Received 26 July 2021; revised 29 October 2021; accepted 2 November 2021; published 15 November 2021)

We study the effect of infinitesimal onsite disorder on d-dimensional all bands flat lattices. The lattices are

Fully-detangled Semi-detangled Fully-entangled 7—[ — Z/{ HFDU l
(a) (b) ©) ¥ W

2 Hy =WD

E, "W \w

O fe @ @AY ftp =W H

WXL W ﬁ Hst = P.U"DUP,

Scale free



All Bands Flat + Disorder = Metal-Insulator Transitions in d=3
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All Bands Flat + disorder potentials = metal-insulator transitions

PHYSICAL REVIEW B 104, L180201 (2021)
] PHYSICAL REVIEW B 107, 174202 (2023)

Metal-insulator transition in infinitesimally weakly disordered flat bands

) ) Tilen Cadeze® ) ) Flat band induced metal-insulator transitions for weak magnetic flux and spin-orbit disorder
Center for Theoretical Physics of Complex Systems, Institute for Basic Science (IBS), Daejeon 34126, Republic of Korea

Yeongjun Kim," Alexei Andreanov,* and Sergej Flach® Yeongjun Kim®,2" Tilen Cadez,"" Alexei Andreanov®,"># and Sergej Flach!:2}
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All Bands Flat + quasiperiodic potentials = Fractality Edges in d=1

o Rescaled bin e

! m i oo PHYSICAL REVIEW B 107, 014204 (2023)
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Experiments: FBs

2014

2012

. New Journal of Physics
New Journal of Physics bl

The open-access Jjournal for physics

Sevtache Phyuikatuche Gosatischah (1) orG  IOP Institute of Physics

Exciton—polariton condensates with flat bands in a Experimental observation of bulk and edge transport
two-dimensional kagome lattice in photonic Lieb lattices

3 1,2,3,6 s 4 . 2
Naoyuki Masumoto » Na Young Kim", Tim Bymes®, D Guzmén-Sllva‘ 0 Me]la-Cortés MA Bandres MmC Rechtsman

288 2.3 . 5 wge S
Kenichiro Kusudo™, Andreas Loffler’, Sven Hofling’, S Weimann’, S Nolte’, M Segev’, A Szameit’ and R A Vicencio'
Alfred Forchel’ and Yoshihisa Yamamoto'->*
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Figure 5. Measured energy dispersions along the high-symmetry points of the Figure 2. Experimentally observed light distribution at the output facet of the lattice,
first (left), second (middle) and third (right) BZs within @ = 3 um (a) and 6 um when exciting (a) the A-site, (b) the B-site and (c) the C-site. The overlap with the
(b) kagome lattice devices. Black transparent lines are the calculated band eigenmodes in the three bands is shown in (d) for the A-site, (e) for the B-site and (f) for
S s S h ) ) the C-site. It is evident that transport is stronger when the flat band is least populated at
SOmcme: the initial plane of excitation.
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Compact Localized States in FB Hamiltonians : experiments
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(a) Aharonov-Bohm cage in a superconducting wire network.

The superconducting transition width shows a broad peak

in the flat band limit f = > due to compact localized states.

C.C.Abilio,P.Butaud, T.Fournier,B.Pannetier,J.Vidal,S.TedescoandB.Dalzotto

Phys. Rev. Lett. 83 (1999) 5102

(b) Selective imaging of dispersive and flat band states of an electronic Lieb lattice.
R. Drost, T. Ojanen, A. Harju and P. Liljeroth, Nat. Phys. 13 (2017), 668

An optical Lieb lattice for cold atoms. Lattice potential formed by five interfering
standing waves.Lattice sites lie at the potential minima in blue.

Band structure for shallow (red dashed lines) and deep (solid black lines) lattices.

S. Taie, H. Ozawa, T. Ichinose, T. Nishio, S. Nakajima and T. Takahashi, Sci. Adv. 1 (2015)

Examples of photonic flat bands.

(a) Kagome lattice for terahertz spoof plasmons, displaying an omnidirectional minimum
in the transmission at the flat band frequency (dashed line).

Y. Nakata, T. Okada, T. Nakanishi and M. Kitano, Phys. Rev. B 85 (2012) 205128

(b) Femtosecond laser-written Lieb lattice waveguide arrays and an observed

compact localized flat band state.

R.A. Vicencio, C. Cantillano, L. Morales-Inostroza, B. Real, C. Mejia-Cortés, S. Weimann,
A. Szameit and M.I. Molina, Phys. Rev. Lett. 114 (2015) 245503

(c) Structured microcavity forming a 1D stub lattice and its

photoluminescence spectrum revealing a middle flat band.

F. Baboux, L. Ge, T. Jacqmin, M. Biondi, E. Galopin, A. Lemaitre, L. Le Gratiet, I. Sagnes,
S. Schmidt, H.E. Tiireci, A. Amo and J. Bloch, Phys. Rev. Lett. 116 (2016) 066402



@

Compact Localized States in FB Hamiltonians : experiments

~
&
)

1 08 06 04

ky /kx

0.36

: 7@)

Frequency wa/(2nc

os :v'tll_

(b) transmission

02 0

= L N
N -
|:|_: 05
o\ g—
®
= 03
o =
o ..
w= 02rlight line
1
12 1 08060402 0 02 04 06 08 1 1.2

Ky /km

light line 12

uonoayel

Lieb lattice for spoof surface plasmons.
S. Kajiwara, Y. Urade, Y. Nakata, T. Nakanishi, and M. Kitano,
Phys. Rev. B 93, 075126 (2016).

Novel platforms for exploring photonic flat bands.

(a) Coupled resonator lattices.

Top: Lieb-like lattice formed by detuned “site” (blue) and “link” (red) rings.

Bottom: scanning electron microscope image of the lattice.

M. Hafezi, S. Mittal, J. Fan, A. Migdall, and J. M. Taylor, Nature Photon. 7, 1001 (2013).
(b) Photonic crystals.

Top: Simulated band structure of 1D photonic crystal waveguide formed by removing
a row of holes from kagome photonic crystal.

Bottom: Fabricated photonic crystal membrane.

S. A. Schulz, J. Upham, L. O’Faolain, and R. W. Boyd, Opt. Lett. 42, 3243 (2017)

(c) Microwave circuit QED.

Top: Space-resolved imaging of a dispersive band eigenstate of a kagome lattice

of 49 coupled microwave resonators.

Bottom: Picture of the device.

D. L. Underwood, W. E. Shanks, A. C. Y. Li, L. Ateshian, J. Koch, and A. A. Houck,
Phys. Rev. X 6, 021044 (2016)
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Unconventional Flatband Line States in Photonic Lieb Lattices

Shiqi Xia,' Ajith Ramachandran,”! Shigiang Xia,' Denghui Li, Xiuying Liu,’ Liqgin Tang,l

" Jingjun Xu,"” Daniel Leykam,”’ Sergej Flach,>" and Zhigang Chen
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Compact Localized States in Electric Circuit Flatband Lattices

Carys Chase-Mayoral, L.Q. English, Yeongjun Kim, Sanghoon Lee, Noah Lape, Alexei Andreanov, P.G. Kevrekidis, Sergej Flach

(a) Ca

N Tn + IBTn = _wg [4Tn - Un - Un+1 - Vn - Vn+l]
o Un+ BUn = —w} [2+ @) Uy — oV, = T, = Tq] (1)
Vo4 BV, = —wi [2+ ) Vi — alUyp — T, — Tp1] .

A,|||. "

At the driven site Up,, the rhs term in (1) gets a cor-
rection factor 1/(1 + ) and an additive driving force
Asin(wgt) (see [41] for details). Note that w?=1/(LyC),
v = Cy4/C, and A = (1 + ) lvgw?. Here, a = Ly/L,
is a tunable parameter that is able to shift the flatband,
B = R/L represents dissipation. Note that unlike the
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flat band physics

2. many body flat band physics

Sergej Flach
Center for Theoretical Physics of Complex Systems
Institute for Basic Science
Daejeon South Korea

1. nonlinear CLS
2. many body flat band focalization

3. disorder free many body localization

4. trapping hard core bosons

Adv Phys: X 3 1473052 (2018) ; APL PHOTONICS 3 070901 (2018)



Nonlinear Perturbations: Compact Discrete Breathers

Homogeneous CLS: continue into families of compact DBs

Inhomogeneous CLS: continue into families of usual DBs

additional finetuning: isolated compact DBs
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All Bands Flat + Interactions = Many Body Flat Band Localization

Many-body interactions:
» restore transport in general
» two particle transport channels

» density assisted single particle transport channels

» Can we finetune interactions to prohibit transport?

PHYSICAL REVIEW B 102, 041116(R) (2020)

Many-body flatband localization

Carlo Danieli®,' Alexei Andreanov,”? and Sergej Flach>3+



All Bands Flat + Interactions = Many Body Flat Band Localization

7:\[ — ﬁsp + ﬁint, ﬁsp = Zﬁc, ﬁint — Zglc
k

K

semi-detangled (SD) : fi= )" t4¢] &+ He. Be= Y Jupystl L 46cyCcs +He.

a,b=1 o,B,y,6=1

B [fk,fk/] = [Gr, gxr] = 0 for any k, k', k, K’

NS sG] # 0

If =0 or g=0 : no charge transport, no energy transport

If not : it depends

PHYSICAL REVIEW B 102, 041116(R) (2020)

Fully-detangled (FD): T,
f diagonal, g product of densities

Many-body flatband localization

Carlo Danieli®,' Alexei Andreanov,”? and Sergej Flach>3+



All Bands Flat + Interactions = Many Body Flat Band Localization
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Ao=> fe=Y [FCTHC + CTHCorr +Heel] Jopys = JaBapOa,y08,s
K K JO[,BO[,B — 1 (x — /8

) 6/6,61 = de,a = wdx,b
U,y :

~ . 5 A s A
Cep — —W d/c,a + Z7d b
zI> zZ*w _ [ —Twr (2*)? T = Y _la}a}aca, + bbb, + 24} a,b}b,]
Hy = zw* |w|2 , Hy=t _(w*)Z 7 w* K

= Z[ﬁa’,( + Ay — 1[Agc + Ap]

Local integrals of motion:
PHYSICAL REVIEW B 102, 041116(R) (2020)

] 2(n 7 25 -
Ie = |2 (Rape—1 + Apic) + 1WI* Pape + Apie—1) e

+z*w(@ _ b, —alh,)+Hec.

Many-body flatband localization

Carlo Danieli®,' Alexei Andreanov,”? and Sergej Flach>3+



All Bands Flat + Interactions = Many Body Flat Band Localization

Hop/ Fint SD FD
SD MBFBL
FD MBFBL MBFBL

NN-DL 7.7,
(AR e

No charge transport

PHYSICAL REVIEW B 102, 041116(R) (2020)

Many-body flatband localization

Carlo Danieli®,' Alexei Andreanov,”? and Sergej Flach>3+



All Bands Flat + Interactions = Many Body Flat Band Localization

A A
Hsp/ Hint SD
SD
FD MBFBL
(a) Semi-Detangled representation (b) Non-Detangled representation
A 7 Y
<+
|/ 1 z
() Generie stat, ., | (@aesw = 0=
ic’ér'\&x];:{ir’!é? Conducting channel
A Energy/heat transport?
ol 0 T ¢ ¢ i
Blooking sverse field Ising spin chail
unit cells

Pt

blocking unit cell: full or empty i.e. only one state, blocks heat

d=1 : no heat transport except on Hilbert state subset of measure zero

d=2,3 : percolation transition upon varying filling factor,

even in percolating phase suppression of heat transport
due to charge disorder

PHYSICAL REVIEW B 104, 144207 (2021)

Heat percolation in many-body flat-band localizing systems

Thor Vakulchyk,"»?" Carlo Danieli,>" Alexei Andreanov ®,"?* and Sergej Flach"->%



Not All Bands Flat + Interactions = Disorder Free MBL !

S. Tilleke, M. Daumann, and T. Dahm, Nearest neighbour
particle-particle interaction in fermionic quasi one-dimensional

Motivated by numerical indications of Dahm et al =P w2 Natonch 75,2 com.

M. Daumann, R. Steinigeweg, and T. Dahm, Many-body lo-
calization in translational invariant diamond ladders with flat
bands, arXiv:2009.09705.

take a mixed dispersive + FB band structure

flat band : orthonormal

Detangling flat bands into Fano lattices

SERGEJ FLACH, DANIEL LEYKAM, JOSHUA D. BODYFELT,

finite number of local unitaries detangle the FB = PETER MATTHIES and ANTON S. DESYATNIKOV
EPL, 105 (2014) 30001

Add interactions in detangled basis with only density terms on the FB basis

Apply inverse unitaries and ‘entangle’

Charges in FB are locked

Interaction between charges in dispersive states

Interaction induced scattering between dispersive states and locked FB charges

=» THIS IS DISORDER FREE MBL !

PHYSICAL REVIEW B 105, 1041113 (2022)

Many-body localization transition from flat-band fine tuning

Carlo Danieli®,' Alexei Andreanov ©,>> and Sergej Flach®?



Not All Bands Flat + Interactions = Many Body Flat Band Localization
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PHYSICAL REVIEW B 105, 1041113 (2022)

Many-body localization transition from flat-band fine tuning

Carlo Danieli®,' Alexei Andreanov ©,>> and Sergej Flach®?



Not All Bands Flat + Interactions = Many Body Flat Band Localization
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Many-body localization transition from flat-band fine tuning

Carlo Danieli®,' Alexei Andreanov ©,>> and Sergej Flach®?



CLS can trap hard core bosons
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Take homes

Flat bands: macroscopic degeneracy
Destructive interference produces compact localization: CLS
CLS based FB generators systematically unravel all FB systems
Finetuned FB model classes have rich internal structure
Weak disorder: MITs and fractality edges
Finetuned interactions: compact charge localization

compact heat localization

heat percolation
disorder free MBL
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