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Outline

® |ntroduction: Fitting data from numerical lattice calculations in
nearly conformal gauge theories using EFTs.

® Motivation: Finding UV completion of EW sector

e Dilaton EFT - in collaboration with Thomas Appelquist and
Maurizio Piai: 1711.00067

® Linear Sigma EFT -with the LSD collaboration: In preparation.




Our Program

Lattice Simulation Data for N, = 3, N; = 8

0-6 I |
0 , | mmp L =7
0.5t m P ] ]
% N R
N
0.4t & o+ [
O ~ ?
. |\/|O++ << Mp Aconf'
>03 R 3 ¢
8 O ¢ |
0.2} % O « Assume light scalar has a
& weakly coupled EFT
o1 description
00 . . . . « Maybe the Higgs boson -
0.000 0.002 0.004 0.006 0.008  0.010 connection with EWSB?

am

« Which properties do

1601.04027 scalars from different
walking (near co

| symmetry, spontaneously



Walking Gauge Theories

« Could support a dilaton
« Test by fitting a EFTs to lattice data

1 N; just below N (R)




The Dilaton EFT
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« Let the lattice data determine the form of the potential.

2f2 (X )y « Quark mass term breaks both scale
L =—2*Z TF{Z+ZT} and chiral symmetry.
* y ~ Scaling dimension of ynp ?
« 5 EFT parameters: f, fy, B, my, ¥y
Similar terms have appeared
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Comparison with LSD Data

NC = 3, Nf = 8
F, squared vs m NGB and scalar mass squared vs m.
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Determining the form of the potential:

“Inverse scattering problem” 9V
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Large x Behavior Of Potential

Use ansatz valid when V(x)=xyx"
Fq>>1,
2 _ p_2 0.06 ‘ w
) MI=BF .
0.04 - ® )
Fit to NGB data for N=8 ®
only: .| o
p=43+0.2 L ° \

 Ansatz is a good fit.
« Potential grows roughly like x# at large x.
« A pure x* potential does not break scale symmetry.
| .erhaps some contamination from points near the minimum of the
edo fit W|thout lowest mass pomts




Comparison with LatHC Data

N.=3, N=2 (sextet)

F. squared vs m NGB and scalar mass squared vs m.
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Data from 1209.0391, 1502.00028, 1605.08750

22—y « y=1.94+0.1 - consistent with LatHC 1712.08594
M2F* =Cm

« p=44+0.3

ol

« Very similar values to the N=8 t



The Linear Sigma EFT

Motivation

Our goal is to fit data to an SU(N)xSU(Ny) linear sigma EFT.

SMdEllectroweak sector is a gauged SU(2)xSU(2) linear sigma
mode

SMEFT is a linear sigma EFT.

By testing whether a linear sigma EFT fits lattice data for near
conformal gauge theories, you test whether the light states of the
gauge theory are SM like.

The lattice indicates that flavored scalars ( analo%s of ags in QCD)
are present in the spectrum which may become light in the chiral

limit - 1605.08750. These states appear in the linear sigma
model. They are essential for N.>2.




The Model Itself

SU (N)XxSUR(Ny) global symmetry, spontaneously broken to SU,(N;)
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An Inequality

Using traditional breaking term: VSB(M)=—clm Tr[M+MT]
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Solution

® |s this the only breaking term possible?

® Treating quark mass as a spurion, write down the most general
breaking term consistent with power counting and symmetries.

x=Aml

Define spurion:

Choose a power counting, 0
applicable when m is
somewhat large: A

D
A A

We end up with a more 9
general leading order - _2
breaking term, for which VSB CiOi
there is no inequality! i=1
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Summary

® We've developed EFT frameworks to test whether the
light scalar in walking theories is a dilaton, or
whether it transforms along with the pions in a linear
representation of the chiral symmetry, without
needing negligible quark mass.

® Dilaton EFT fits lattice data for two different gauge
theories well.

e y ~ 2 for both.
® p =24 for both.

® The linear sigma EFT could potentially fit the data
figtiie Correct power countm







Bounds On Model

e |attice calculations suggest that S parameter is
suppressed relative to QCD - see 1602.00796,

1405.4752, 1009.5907.

® Direct detection of heavy spin 1 states challenging
due to their large width.

® Coupling of SM fermions to these walking models
IS model dependent.




Including Scalar Mass Data
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« Any potential ansatz that fits the data well gives a similar bound.
« The ratio f2_/f2, is related to the h-WW coupling once the fermlons
oweak gauged.




N; = 2 Sextet
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