Motivation

Estimating low lying eigenstates of Hamiltonians in a finite box

e Resolving close lying states can be challenging and expensive

e Enhancement of statistical accuracy of ground state where S/N is high
e Insight into two particle elastic scattering to yield structural information

e Observed excited state baryons and mesons are poorly understood

e Lattice input could help determine composition of exotic states

— tetra- or penta-quarks
— hadronic molecules

— unbound resonances
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Prony’s Method ™

Solve non-linear system by finding roots of

Hankel Matrix determinant

Find roots {z,,} then solve linear problem y(t) = V(z)a

Problem

om = 1 using Wilson type fermions
om = £1 using staggered fermions

Hyperbolic cosine form
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Analysis with SU(3) Ny = 8 Ensembles

Application to near conformal gauge theory ! (see Ethan Neil’s talk)

Pre-binned correlators to explore spectrum of GGoldstone Boson and determine F);
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e Improve empirical estimation of cluster distribution to account for apparent non-

(Gaussian features

e Include clusters for backward propagating states

e Investigate uncertainties from cluster ellipses as a function of time to make m.g plots

e Multiple correlation functions with same quantum numbers (including correlation matrices)
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Extracting Amplitudes and Roots

1000 random Bootstrap samples generated from 232 data points of correlation functions C(t)

Exponential form

le—6 le-5

° C d 6 1.0 o Centeredatt=2
3.5 .‘ 2 C d 7 M 3 Centered att = 3
.: {\fz p— C d 8 —_— C red at 4
o C d 9 -
.a
L)
3.0 i % 0.8 7
o .\)\ N {" 00...
& 25 T 06 % o
3y = S
= = s
T 2.0 == 0.4/ ’
I
3 g
=] _ S .
1.5 024 .
1.0 - 0.0 \)
0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.2 0.4 0 GE 0.8 1.0
Zm = e_Em Y Zm =€ ™

Hyperbolic cosine form
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Clustering

Approximate bivariate normal distribution of log(a,,) vs. log(zm)

const,, = A, (t)z, = log(const ) =log(a,)+ (t+ n)log(znm)
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Expectation maximization <> Log- likelihood minimization
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K-means cluster algorithm, with constraint: M points in M distinct clusters

1. Assign initial cluster assignments
2. Compute mean p and covariance X2 of each cluster
3. Reassign each point to a cluster to minimize (Z — @)"S(Z — [)

4. Repeat 2 & 3 until steady state is reached

Initial cluster assigments by magnitude of z,, for each set of roots calculated from Bootstrap sample

Exponential form

Data using timeslice ¢ = 12 Data using timeslice t = 4
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Future Work

e Disconnected contributions: (O) # 0 = (0|(’)3(9j|0> = a0+ -

C(t+1)—C(t)] ~ sinh(ETm)

C(t+1) — C(t — 1)] ~ sinh(E,,)

e Non-oscillating form of y,(¢) to reduce error and time dependent correlations
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