Lniversitat

QUANTUM Wlen

Information and Matter

¥ Universiteit

M -
\. Eﬂﬁ < .
WY Leiden

The Netherlands

o .
by 1y
deS

A HiERARCHY OF SPECTRAL GAP CERTIFICATES
BASED ON SEMIDEFINITE PROGRAMS

K. SNeH rAL 1. KuLL, P. EMonNTs, J. Tura, N. Scruch, F. Baccari

ARXIV:2411.2222?



What is the problem?
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N Translationally-invariant
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General setting
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CONDITIONS FOR THE EXISTENCE OF THE GAP

H has a spectral gap A 2
If and only if H AH - 0

intuition

E; — AE, = E,(E, — AE) > 0

Widely used condition in previous methods

- Finite-size criteria (Knabe 1988, M. Lemm and D. Xiang 2022, ...)
- Eigenvalue problems (Nachtergaele 1996, M. J. Kastoryano and A. Lucia 2018, ...)
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H has a spectral gap A 2
If and only if H AH - 0

e eigenvalues
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1=1 1=1 k<n

2) Find a postive local generating operator

Once found, applies to any system size

qn,ito Iim Ay =A >0
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Qn(A) — Z 4n.q
If and only if
ni=9gni+ 11 ®Y -Y ®1,

(. C

Given Supported on n — 1 sites

Look for Y such that
dn,i = 0
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A GENERAL SDP TO LOWER BOUND THE GAP

Af, (n) — max 0

3,
S.1. dn i zgn,i(5)—|—]11 XY - Y®I1,
dn,i i 0

Semidefinite programming = the global minimum can be found efficiently
in the size of Y
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Global Local

HQ—AHEO Qn,ito

Previous methods have a similar spirit

- Finite-size criteria (Knabe 1988, M. Lemm and D. Xiang 2022, ...)

Requires estimating the gap for the size 7, system

- Martingale-like methods (Nachtergaele 1996, M. J. Kastoryano and A. Lucia 2018, ...)

Requires estimating the norm of size 7! projectors



TWO MAIN TECHNIQUES

Global Local

HQ—AHEO Qn,ito

Have been used

Previous methods have a similar spirit to prove the gap
in recent 2D results

- Finite-size criteria

M. Lemm, A. W. Sandvik, and L. Wang,

"Existence of a spectral gap in the Affleck-Kennedy-
Lieb-Tasaki model on the hexagonal lattice."

PRL 124.17 (2020)

) Martlngale-llke methods N. Pomata and W. Tzu-Chieh, "Demonstrating

the Affleck-Kennedy-Lieb-Tasaki spectral gap on
2D degree-3 lattices.”, PRL 124.17 (2020)



WE CAN RECOVER ALL OF THEM

Global Local
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Previous methods have a similar spirit

- Finite-size criteria

- Martingale-like methods
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Gap of the finite system
Ansatz
n—2 n—x—2
n

Finite size hamiltonian for
7 particles

Q (AKnabe an ? AKnabe( )) - 0

1
AKnabe(n) = (en > Knabe 1988

n—1




Numerical tests
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THE AKLT MODEL
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COMPARISON WITH FINITE-SIZE CRITERIA
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Outlook



OUTLOOK

A numerical method to lower bound the gap for 1D systems

- Efficient and with systematic improvement
- Recovers previous techniques as special cases

- Provides better results on benchmarks

Future directions: 2D
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THE LOCAL GENERATING TERM

Zgi,n — Z din

The solution is not unique

hi = Z;iZi+1 + X,

1 1
hy = Z;iZiy1+ §Xi + §Xz'+1
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