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Basic 1ssue 1n exploring new theories
using the lattice

Tuning the bare dimensionless couplings, we have to

handle the scales (lattice spacing, “quark” masses, dynamical scale).

/

chiral extrapolation/interpolation

continuum extrapolation

And there is the finite lattice size, just to add to the complication...



Exploring the non-thermal phase structure

Let me describe a typical computer simulation:

... The first thing to do is to look for phase transitions.

G. Parisi, in Field Theory, Disorder and Simulations

Important for simulations and the(continuum limiﬁ

See Jong-Wan Lee’s talk.
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Scale setting
Determining the lattice spacing

Converting from lattice to “physical” units.

- For extrapolating to the continuum limit.

- Modern popular method:(the gradient ﬂov@.
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Scale setting
SU(2) gauge group, two Dirac flavours

R. Arthur et al., 2016
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c.f., mild quark-mass dependence in QCD




Scale setting
Sp(4) gauge group, two Dirac flavours

E. Bennett et al., to appear
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c.f., mild quark-mass dependence in QCD
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Scale setting

Marked difference from QCD, what we learned hitherto...

chiral limit at fixed a

AdlMpg
A

aAdyn

fermions too heavy?

chiral limit at fixed a

composite Higgs



First look at the spectrum



Well-established quantities
(See Jong-Won Lee’s talk)

- PS, V and A mesons, masses and decay constants

* Glueball spectrum.

+ Masses of spin-1/2 composite top-partner states
(less well-established, no results yet).



Less-simple things to do



Interesting but more challenging

Width of the low-lying non-Goldstone mesons.

== [inite-volume techniques a’la Luscher.

Fermion bilinear condensates.

= Eijgenvalue distributions of the Dirac operator & RMT.

Anomalous dimensions relevant to partial compositeness.

= Step-scaling techniques a’la Luscher.



Decay widths

Luscher’s method in a nutshell

1. Elastic scattering phase shitt from finite-volume Euclidean field theory

1.1. Enon! int — | m|2 + ‘51‘2 + | 77?42 + ‘ﬁ2‘27 ﬁz — %ﬁza ﬁz S 23
P = p1+ P2
1.2. Measure E; at total momentum P with interactions in finite volume

Encm = \/(E%T”)Z—IﬁlZ: VEn =2/m2 + k?

1.3. (qb(q)]—l—[(S(k)J: nm, where ¢ = kL /27w
~~—— (Infinite-volume phase shift)

CThis function knows the finite-volume geometr@

2. Fit to the Breit-Wigner form to describe the resonance



Decay widths
State of the art calculation in QCD

C. Alexandrou et al., Phys. Rev. D 96 (2017) 034525
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Fermion bilinear condensate

Random Matrix Theory and the Dirac eigenvalue distribution

See, e.g., P. Damgaard and S. Nnishigaki, 2001.

(The e regime of the strong sector, m, ~ 1/L < Adynj

[4—vo|ume) [“quark” mass]
RMT : \ — i latt. 7 @) . 4
PG|, e L= gt (Rren)

Gowest Dirac-operator eigenvalue) Ccondensatej




Fermion bilinear condensate

Results for SU(2) gauge theory with 8 fundamental flavours

C.Y-H. Huang, |. Kanamori, C.-J.D.L., K. Ogawa, H. Ohki, A. Ramos, E. Rinaldi, Lattice 2015

integrated eigenvalue distribution: am=0.010
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Large anomalous dimension
Step-Scaling a’la Luscher in a nutshell
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finite—size scaling of composite operators in the continuum IimiB




We are not even at the end of the beginning



