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Now: Application

Put the critical Ising model on R x S° to access quantities
that are difficult to calculate on Euclidean lattices
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Change POV: Condensed Matter Physics —)» Continuum Field Theory

+ Poincaré
Invariance under
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> Critical Ising Model = Conformal Field Theory (3d Ising CFT)
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Goal of this work: extract both scaling dimensions AND OPE
coefficients from lattice calculations of four-point functions on R x S*
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Quantum Finite Elements

[Brower et al., 2018, 2021]
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I:> Lattice simulations of critical 904—theory on lattices approaching R X S2




Numerical Results

MONTE CARLO SIMULATIONS OF CRITICIAL 904-THEORY,

PERIODIC BOUNDARY CONDITIONS
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Results - Leading operators
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Conclusion and outlook

* Proof of concept:
Can extract CFT quantities, including OPE coefficients from four-point function
with this method

* Good agreeance with conformal bootstrap for scaling dimensions & ratios of OPE
coefficients,

* Possible systematic errors:
1. Excited state contamination (subleading & higher spin operators)
2. Wraparound effects
3. Tuning of the critical mass
4. Perturbative counterterms =+ QFE only valid for A — 0

e QOutlook: Implement with lattice methods currently under development
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Simulation Details

* Tamayo-Brower cluster algorithm combined with Metropolis and overrelaxation

* Lattice refinements s € {24, 28, 36, 40, 44, 48, 56, 64} on sphere = 10s% + 2 lattice sites
« N; = 16s “timesteps” and periodic boundary conditions along R

* Multiple runs for each s :

s =24 — N = 8000
28 < s <56 -+ N = 1600
s =64 — N = 800

* Measure the 4-point function in each sweep and project on Legendre Polynomials




Fitting Details

¢ Fit functions:

Tl”?‘lA’Llﬂ ’2’773 axr 2
% 3 — ; L A n)tay /R
C(J;""’(t) — Z 12 _Buo(Ade (Ac+n)ta, /R ff (t) = Z 12 1 Bua(Aq)e —(Ap+n)ta,/
n=0 n=0
Nmaz —2 Nmar—>4
+ Z fgm'Bn O(Aei)e—(Aﬁf +n)tay /R 4+ Z fUUT, Bn Z(ATf) —(Aprtn)ta /R
n=0 - , n=0
n?n axr
Nmazs—4 A —|—?))f(r /H
Aos tay /R + fggeB 2 ’
+ z; 2 Buo(Agy e Brrtmtad NZ2 "
n
Nmar —
—F(t%f\h—f) + Z fm” 112(A ) (A +n)ta, /1R
n=2
=+ (t — j\‘rg — t)

* Least Squares Minimization using the L-BFGS-B algorithm implemented in SciPy

tma €T maxr
1

* Perform fits for fixed (g
exceed 12.5% but varying (t5"", t5™")

5'*") s.t. the error of the effective mass calculated from the ¢;(t) doesn’t

Calculate the model probability for each fit [Jay, Neil 2021]

Eliminate 1) fits with unphysical or unconstrained fit parameters, 2) fits with model probability < 0.01 or
3) fits for which (15", t5"") was far from the optimal tuple

Renormalize model probability and model average
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