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UV completion for composite Higgs models

Name

TACO Collab. C
Edinburgh-Torino

Our work C

Gauge group Y X Baryon type
M1 SO(7) 5xF 6 X Spin XX
M2 SO(9) 5x F 6 X Spin WYX X
M3 SO(7) 5 x Spin 6 xF Ppx
M4 SO(9) 5 X Spin 6 x F Ypx
M5 Sp(4) 5 X Ay 6 xF VXX
M6 SU(4) 5 x Ag 3 x (F,F) XX
M7 SO(10) 5xF 3 X (Spin, Spin) XX
M8 Sp(4) 4 xF 6 X Ao Yy
M9 SO(11) 4 x Spin 6 x F P
M10 SO(10) 4 x (Spin, Spin) 6 x F VX
M11 SU(4) 4 x (F,F) 6 X Ay (CLIpYS
M12 SU(5) 4% (F,F) 3 x (Ag, Ay) VY X; XX

*Before starting lattice simulations

=» Choose a model wisely before spending years on the simulation




Our implementation

Field|Sp(4) gauge|SU(4) global|SU (6) global
A, 10 1 1

” 4 4 |
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* Two Dirac fermions in the_l repn
pseudoreal

* Three Dirac fermions in the antisymmetric repn
real

* Grc = Sp4), G/H = {SU(4) x SU(6)}/{Sp(4) x SO(6)}

* Wilson’s lattice gauge and fermion actions
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The first thing to do
when simulating a new theory

Probe the non-thermal phase structure of the lattice theory
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Important for stmulations and the continuum limit

» Avoid artefact phases 4 Cn

anro




Exploring the non-thermal phase structure

Sp(4) gauge theory with 3 antisymmetric-repn Wilson-Dirac flavours
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Probing Sp(4) gauge theories step by step
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“Monte-Carlo simulations
* Computing the determinants is numerically very demanding

Y First calculations performed in the quenched approximation
det(D([U] + m) = det(D,[U] +m) =1
Systematics about 10% in QCD spectrum calculations
Loss of unitarity forbids computations for scattering amplitudes

 Partial quenching as the intermediate step

det(D+[U]+m) =1 or det(PP,[U] +m) =1
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Going dynamical

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

This is making the continuum extrapolation more involved...
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fermions too heavy?
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Chiral-continuum extrapolation

Use of EFT for these two extrapolations simultaneously

% Recall the expression of a lattice theory:

o
Liatt = Leont + E Crna Opaiyg

n=1

% For Wilson fermions: Os = Osw = ¢0,, F*1
#* Osw and ¥ break chiral symmetry the same way
% Spurion analysis with x = 25om, p = 2Wya

% Simultaneous expansions in fermion mass and lattice spacing



Status of unquenched calculations

% Published results of low-lying meson spectrum for

det(ID¢[U] + m)? = dynamical and det(D,[U] +m) = 1

% Ongoing Monte-Carlo simulations for

det(,[U] + m)® = dynamical and det(D([U]+ m) =1

See Jong-Wan Lee’s talk for more details



What next

¥ In terms of Monte-Carlo simulations
Multi-representation dynamical simulations
Run at smaller fermion masses

¥ In terms of observables to compute

Spectrum of excited-state mesons and the top partner

Four-fermion operator matrix elements of Goldstone
- |nputs for the Higgs potential

Resonance masses and decay widths
Anomalous dimension of the top partner: conformal window!?



The challenge ahead
for dynamical sitmulations

The Berlin Wall

A. Ukawa @ Lattice 2001 (Berlin)
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Improve the fermion action, use more sophisticated algorithm...



Back-up slhides



Scale setting

Determining the lattice spacing

- Converting from lattice to “physical” units.

- For extrapolating to the continuum limit.

- Modern popular method:(the gradient ﬂov@.

r@re — renormalise@

r ~
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Looking for resonances

Luscher’s method in a nutshell

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

1.1, Enon—int — \/m727 + ’51‘2 + \/777/72T + ‘ﬁQ‘Qa ﬁz — %ﬁ“ ﬁz S 23
P = p1 + D2
1.2. Measure E7™ at total momentum P with interactions in finite volume

E’FL,CM — \/(E;LTW)Q _ ‘ﬁ‘Q — /Sn — 2\/m%_ _I_ kQ

1.3. (Qﬁ(q)]—l—[(S(k)]: 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



Looking for resonances

State of the art calculation in QCD

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