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Twelve Easy Pieces

1. Teaser
2. N=2 susy – Witten index
3. M1 model in 1D: Witten index, spectra, CFT connection
4. M1 model: scaling form of 1-pt functions from CFT 
5. Mk models: Witten index, CFT
6. Mk models off criticality à massive (integrable) QFT
7. M1 model on square ladder: CFT, 1-pt functions, <𝜎𝜎𝜎𝜎>
8. PH symmetric model and coupled fermion chains
9. Superfrustration on ladder: zig-zag, Nicolai, Z2 Nicolai
10. Superfrustration on 2D grids
11. Back to 1D M1 model: kink dynamics
12. Towards realization with Rydberg-dressed cold atoms
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Zig zag ladder – proliferation of susy groundstates

La-Shadrin-KjS 2019



Zig zag ladder – critical groundstates at 2/9 filling 

L=27, f=6  

Huijse, 2010  



Models with Q cubic in ci

Z2 Nicolai model

…        i+1       …

…         i            i+2        …

N=2 susy SYK model

random couplings on full graph

Sannomiya-Katsura-
Nakayama 2017 

Fu-Gaiotto-Maldacena-Sachdev 2017 



Ground state counting

Z2 Nicolai model

slide H. Katsura in talk at UvA, Nov 2017 



Ground state counting – recent results

Z2 Nicolai model

conjecture in Sannomiya-Katsura-Nakayama 2017 
proof in La-Shadrin-KjS 2019

generating function 

n=2000



Nicolai model

supercharge

Nicolai 1976 

1          …        2i-1        2i+1    …

2          …         2i          2i+2           …



Ground state counting

Nicolai model

slide H. Katsura in talk at UvA, Nov 2017 



Ground state counting

Nicolai model

La-Shadrin-KjS  2019

generating function 

2m+1=2001
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M1 model, 2D triangular lattice

Witten index for N´M sites with periodic BC



M1 model, 2D triangular lattice

van Eerten 2005`superfrustration’

Witten index for N´M sites with periodic BC



Proliferation of susy ground states

ground state counting problem
• unsolved for most D>1 lattices (including triangular)

important clue 
• gs counting problem equivalent to determining 

(dimension of) the homology of the operator  Q
• can use methods from math literature (spectral 

sequences & tic-tac-toe lemma, homological 
perturbation lemma) to make progress

Fendley-KjS 2005, Huijse-KjS 2010



Proliferation of susy ground states

GS counting problem
• solved for 2D 
enneagon-triangle lattice 
(a.k.a. martini-lattice)
• all GS at filling 1/4 
• GS counting ßà dimer 
coverings of hexagonal 
lattice

Fendley-KjS 2005



M1 model, 2D square lattice

Witten index for N´M sites with periodic BC

Fendley-KjS-van Eerten 2005



M1 model, 2D square lattice

Witten index related to rhombus 
tilings of the lattice

Theorem [Jonsson 2005]

with , ,



M1 model, 2D square lattice

Number of gs related to rhombus 
tilings of the lattice, with F = Nt

Theorem [Jonsson, Fendley, Huijse-KjS 2009]

with , ,



M1 model, 2D square lattice

Example: square lattice 6x6 

• 18 tilings with Nt=8

• correction term equals -4

Þ 14 groundstates with f=8, filling 2/9



Twelve Easy Pieces

9. Superfrustration on ladder: zig-zag, 
Nicolai, Z2 Nicolai

10.Superfrustration on 2D grids

11. Back to 1D M1 model: kink dynamics
12.Towards realization with Rydberg-

dressed cold atoms

à work in progress



M1 model on general graph - challenge

Challenge: 

For each of the other platonic solid graphs, find the 
number of E=0 susy groundstates and, for each of them, 
the number of fermions

Reward

A chocolate bar for the first correct result @ 
c.j.m.schoutens@uva.nl

✓

http://uva.nl


M1 model on general graph - challenge


