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Outline

• What is magic? Why is it important? 

• How do we truncate the SU(2) gauge theory with matter in 1+1-dimensions keeping gauge-singlet 
states?  

• How do we measure magic and entanglement entropy for these LGTs? 

• Results 
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Clifford group and GK theorem

• {H, S, CX} are generators of the Clifford group which is a normaliser of the Pauli group i.e., 
  

• Gottesman-Knill (GK) theorem says that any quantum computation — 1) where the qubits 
are prepared in the computational basis, 2) acted on by Clifford gates, 3) and measured in 
the computational basis can be simulated efficiently on a classical computer. 
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Example: Bell state

•  i.e., maximally entangled state of two qubits. Can be prepared from  by 
acting with  and  gate.  

• Even though it is maximally entangled, it is a stabilizer state (any state reachable by Clifford gates only 
starting with state in computational basis). Using GK theorem, we know that this can be efficiently 
(polynomial) simulated on classical computers. 

• We thought that more entanglement leads to classical non-simulability. This is not true! This is stabilizer 
entanglement  

• There must be some other different/observable that captures this classical non-simulability and makes 
quantum computers powerful. 

( |00⟩ + |11⟩)/ 2 |00⟩
H CX



5

Magic (or non-stabilizerness)

• We ought to look for non-stabilizerness as providing the departure of what can and what cannot be 
simulated efficiently. This has been termed as `magic’.  

• In very simple terms, more magic means harder for classical computers.  

• Also needed for any universal quantum gate set. For example, Clifford + T-gate is universal since T-gate 
supplies the magic! 

• Connecting magic to an observable that can be efficiently computed is not straightforward.  

• In recent years, based on work of Leone et al., we have a measure of magic in terms of what is called 
`Stabilizer Renyi Entropy’ (SRE).  

• SRE is zero for product and stabilizer states, while it is non-zero for say . T⊗n |0⟩⊗n
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Resource plane

Figure credits: GPT 5.5
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1+1 SU(2) gauge theory

• We consider simplest example of non-Abelian gauge theory in 1+1-dimensions. There are different 
approaches for truncating the infinite-dimensional Hilbert space. We follow the dressed-site/electric 
basis approach where at each lattice site, we collect the semi- gauge links on the left and right of the 
site into a dressed site. Then the physical lattice with matter and gauge fields restricted to physical 
gauge-singlet states are dressed sites connected by Abelian conservation law.  

• We restrict to , extensions to higher  can be done. We did not consider this, however 
provide some details about construction of Hamiltonian and gauge-invariant space in the Appendix of 
the paper. 

jmax = 1/2 jmax
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1+1 SU(2) gauge theory

• The setup is as follows: 

• We restrict to , so each link (or semi-link) can either values 0, 1/2. The matter fields (at 
physical sites) are represented as  in the standard staggered fashion. The vacuum and doubly 
occupied matter sites are singlets, while we have one doublet. 

jmax = 1/2
ψ, ψ
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1+1 SU(2) gauge theory

• , and                                are singlets while                               are doublets. In 
short, for matter sites, we have . For semi-links, we have  for .  

• When we combine these in a dressed site which is gauge-singlet, we have to find singlets in following 
expansion:   which is 36-dimensional local space. 

• One can show that there are 6 gauge singlets, i.e.,  states are physical! We therefore build a 
Hamiltonian acting on these states of size , where  is the number of lattice sites. We need  
qubits. 

|0⟩ = | j, m = 0⟩
1 ⊕ 2 ⊕ 1 1 ⊕ 2 jmax = 1/2

(1 ⊕ 2) ⊗ (1 ⊕ 2 ⊕ 1) ⊗ (1 ⊕ 2)

6/36
6L × 6L L 3L
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1+1 SU(2) gauge theory

•
The Hamiltonian is given by: , where the operators 

 are diagonal and the hopping operators,  raise or lower the flux by 1/2. More details in the 
paper. 

• We will probe entanglement entropy (EE) and magic in the  plane. Note that these are 
dimensionless lattice parameters converted from dimensionful parameters by using powers of . 

∑
n

[g2Ĉn + m (−1)nM̂n + ̂A1
nB̂1

n+1 + ̂A2
nB̂2

n+1]
Ĉ, M̂ ̂A, B̂

m − g
a
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1+1 SU(2) gauge theory - expectations!
• Following Dirac, we do not start a sentence without knowing its end. How should the results look like? 

• CFTs are magical and possess high magic [White et al., arXiv: 2007.01303] so we should find 
maximum magic around . In that limit, we also have high entanglement (Calabrese-Cardy, 2004). 
As , we know from the structure of ground state that it should have zero magic (product state) 
and no entanglement (Donnelly, 2011).  

• So, we have: 

g → 0
g → ∞
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EE and SRE

• For magic, we compute the stabilizer Renyi entropy (SRE) defined as:    

where  is the order of the SRE (we consider =2),  is the total number of qubits of the system. 
Computing this is exponentially hard but many MCMC based methods have been developed which can 
help us compute these for large system sizes.  

• For entanglement entropy, we use the extended-Hilbert space formulation [Donnelly, 2011]. EE can 
then be written as sum of three terms. See paper for more details. 

ℳn =
1

1 − n
log2( 1

2N ∑
P∈𝒫N

⟨P⟩
2n

),

n n N



13

Results



14

Summary

• We find that continuum limit of LGTs correspond to QFT states that have high magic. This has drastic 
implications for future quantum simulations of lattice gauge theories. It sort of implies that reaching 
continuum limit of Hamiltonian LGTs needs substantial (non-classical) quantum resources . One can 
think of this in terms of T-gates required.  

• In this truncated 1+1d, SU(2), magic and entanglement need not necessarily track each other (i.e., they 
act as different quantum resource measure) since while EE can be consistently decreasing, magic can 
stay constant just before weak-strong crossover. In gauge theories with proper phase transitions, it will 
be even more interesting to study this. Work in progress!  

• We are following up along several directions and exploring other interesting lattice counterparts of 
quantum field theories. 
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To appear in 4-5 hours on arXiv, category:quant-ph

8 x 8 2d anti-ferromagnetic Heisenberg 
model to all times from short times!
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