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e Hamiltonian truncation
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Hamiltonian Truncation...

(Rayleigh-Ritz variational method)

Goal: approximately diagonalize H in finite volume  H|E) = £|E)

o H=Hy+V Holn) = E,|n) |
e [runcate Hilbert space ; L
Sy C Sxo dim(Sy) =N

e Compute low-lying spectrum of truncated Hamiltonian:

(Heff)w,n = (n'|H|n)
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Continuum limit: m?, A < 1

m = quantization mass
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o 1 log(a) d =1,
(01¢210) = 5 (Q16212) ~ {al o

= m~ 1 for optimal convergence
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L attice Truncation

e Hy eigenbasis for Soo:

(al)™ _
{n}) =1:[ NG 0) ax|0) =0 Vx
e [runcated Hilbert space:

Sk = span{|0), H|0), ..., H*|0)}

e Simple error estimate:

5EK) ~ %‘g(kﬂ) _ g(k)‘
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Convergence

Emax = max{Hg) ~ energy cutoff
N

E <K L = ! L
® max d-1 error ~0 —— ~
) aTtt Fiax  10g(N)#
continuum
truncation
E > L = error L
o S ——
mMaxXx ad_|_1 . N#&J
requires N > e#L° theory

“IR catastrophe” + experiment
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What Good is Truncation?

What, me worry? There's more to life than QCD...

Focus on phase structure
e QQualitative problem

1

e Finite size scaling: L = physical scale ~
mphys

e Monte Carlo 1s exponentially expensive for some theories

06£0, p#0, ...
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2D Free Field Theory
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e cost ~ NLlogN

~ 1 min on laptop running Julia/C++4

oa~172
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arXiv:2104.10564

In progress, showing VERY preliminary results

o \a2 =1

. Aa2\ . .
= UV matching error ~ (ﬂ) ~ 107* (in preparation)

e[ /a=10

= Reasonable accuracy in 10 minutes on laptop
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Binder Cumulant
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e Use difference of best values to estimate error
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Conclusions

e Hamiltonian truncation on the lattice appears promising...
...maybe because we are just starting to explore It

o Cost ~ LN log(N)
o Error ~ L9/N#

e Numerical accuracy appears to be sufficient
to perform interesting measurements...

...at least In simple theories iIn 1 + 1 dimensions

e | ots to do!
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Estimated Residuals

L/a=10, ma=0.3, Aa° = 1
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Convergence

Ground state: |Q2) = Z Cn|N) cnh = (n|2)
(QIHEIQ) = > (QHox - Hox IQ) < o0 Vk
X1yeun, Xk
R N[ () N I P L p
n n n N(En)#
n N——
D D # of states
1= (@) = /dEp(E) (E19)] s

—— ~—
=dN ~N*

= convergence I1s power law in N:

€2) = |S)n + 0[2) 0[§2) ~ =



Continuum HT

Truncated Hilbert space:
S/\:{|n>]En</\} Holn) = E,|n)

A = maximum total energy

— nonlocal UV cutoff

Effective Hamiltonian exists and has power counting in A

Nonlocal counterterms:
AHeff:/ddX [/\d—F/\d_lHo—l—'”} HoZ/ddXHo

T. Cohen, K. Farnsworth, R. Houtz, M.L, SciPost Phys. 13 (2022)



