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Composite Higgs models

BSM
@ The identification of the Higgs as a pseudo-NG
boson emerging from the breaking of a global .
symmetry offers a possible solution to the
Naturalness problem. 3 /> e
M= e
@ Such symmetry describes the flavor structure of
a new strongly—interacting sector, whose
fermions eventually confine into light bound F— Energy
states, including the Higgs boson. Hyper-fermions UV
() Strgngly—interacting dynamics require a lattice g?;;dnﬁszf < ﬁ;‘;g;‘ffdemmm HC
study.
Y W
VEV EW
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Lattice setup

Hadrons

@ Aflexible environment for simulating these theories is
offered by the libraries Grid and Hadrons (multiple
representations, Nc = 2, 3, 4)

G SUB) x SUB) x SUEB) x Uy x Uy
o S0(5) X SUB). X U()x
@ A promising model is a SU(4) gauge theory with five SU(5) SU@) x SUE) Uy x Uty
fermions in the 6 two-index anti~symmetric and three (;(5) s, ) X m )

in the fundamental and anti-fundamental
representations. (Ferretti 2014)

@ Starting from Del Debbio, Panero et al (2019) we .
simulate two fundamental and two sextet Dirac
fermions in a SU(4) gauge group, a simplification of .
the Ferretti-model first explored by (Ayyar et al.
2017). =
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|
Lattice setup

Volume 16° x 32

B amuyng  amas  Accep. Plag. cnfg [Xal [ X6l |
Z0 10 —0.55 —0.55 89% 0.54977(9) 400 0.06990(36) 0.22517(53)
Al | —0.45  —0.45 74% 0.60891(27) 216 0.0365(9) 0.1794(9)
A2 11 —0.46 —0.45 85% 0.60930(25) 633 0.0273(12) 0.1768(9)
A3 11 —0.47 —0.45 85% 0.60942(26) 225 0.0165(10) 0.1769(9)
11.2
B M2ps = Meung - X VIO
amyg=-045 X
10.8
X
@ we perform HMC simulations by using Wilson 106
fermions with O(a) clover improvement term on 104 X
16% x 3210 32° x 64 lattices @ %
10.2 x
X
10 X x X
@ A - runs simulate similar values explored in (Ayyar et
al. 2017). * X X X X
o X X X X X
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Spectral reconstruction

We reconstruct finite—volume smeared spectral densities from lattice correlators measured on our ensembles by using a variation of the Backus—Gilbert method.

° Finite-volume spectral densities can be smeared from §—functions to regular functions
Ag (E, Ex ) with smearing radius o

P(Ex) /°° 0E A (E, Ex) p(E) p(E) = 3 wW,8(E — E,) —> > Wb (E, Ey)
o 0 0

Too large o
e Good choice of o

° We span a smearing kernel with the same functions encoded in the correlators c(t)

;

o B -

C(,),/ dEpE)e ", Ag(Ex,E)=D ge F
o t=0

° Provided we know the g, we can compute the smeared spectral density as

Smeared spectral density

{mnax
PED =S g o+ = [ O BaEw, B) p(E)
=0 o

° The coefficients can be found by minimising an appropriate functional W(g]
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Spectral densities from lattice correlators

Spectral reconstruction

Wigl = A Alg] + (1 — A) Blg] |

@ We use the functional A[g] introduced in (Hansen, Lupo, Tantalo
2019) measuring the difference between the reconstructed and the

exact kernel
| 2107

Alg) = /0°° OE |8y (v, E) — By (Es, E)P

@ The other functional prevents large error propagatlons from c(t) s 0pesooseosssooscd /|
through the coefficients g; which can be ©(10%° \

05

[msx
Blgl=g"covg,  pE) =D g clt+1) .
t=0

@ The shape of the smearing kernel, its width o and the trade—off
parameter X are inputs of the algorithm.
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Spectral densities of SU(4)

Extracting the ground state

@ A first application: reconstructing the ground state of
the Pseudoscalar—Pseudoscalar channel in a given
representation with16 data points (T=32)

‘Smeared spectral density

@ Results are compatible with a standard effective mass o oz os os o8 T 12
calculation at large time separations

@ Results are stable by varying the smearing radius .
Smaller radii can be achieved by increasing T
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Pseudoscalar channel

As a smearing kernel, we use a regularised step function 6 5 (E — Ex)

P(E) = X, Wa0(E — E)) = po(E) =X, Wbo(E — Ey)
— we should see a step at each energy level

Values for £, used for normalisations are obtained by effective mass plots.

o must be small enough to resolve different energies

iy = ? 5 1o
RunA3: 16° x 32, B =11, am;‘;gjc = 0.0220(5) mql = 3.8
0.55
Megy(t) ——
0.06 Algl < 0.01
0.5
0.05 } { { % 1
0.45 > }
Go.04
3 I {
} go.oz %
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]
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E/E,
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Pseudoscalar channel

° From the correlators we can also fit the first coefficients w,, in

po(E) =D w05 (E — Ex)

0 With fits results for w,, and E, we can plot the smeared spectral density we would obtain 02

from them: W, 05 (E — Ey) + Wy 04 (E — Ey)

0.035

wo(t) 0.08
X O/Eq = 0.226 ——
0.07 W B(Eg - E) + W, B(E; - E) ——
0.03
0.06
0.05
0.025
° } 0.04
B
0.02 0.03
} { W, = 0.015(1) 0.02
0.015 { { % { { { { { % } 001 Ti:351}
0
0.01 " 5 5 o 5 ™ % 0 0.5 1 15 E/é 25 3 35 4
t/a 0
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Vector channel

o We computed the spectral density of the vector channel, smeared with a
0o (E — Ey)—kernel

° E, is the value obtained from an effective mass plot in this channel o The other vertical bands are the finite-volume spectrum of two free particle
with mass Mz (the ground state of the pseudoscalar channel).
2 [0t o
0.15 1“«,‘1_}1, V¥
. ,.a
2
G
2
§ o1 Ep = 0.366(8)
B
kel
©
a
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g 1
o
3 {}HH}
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£0.05 £33
i
it
+
parbrtteritapasesett
O+ttt bpdt My = 0.235(2)
Vector channel, 0 = 0.1 —+—
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E/a
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Conclusions

. In our preliminary results, the spectral reconstruction offers a 0.08] ofEq = 0226
complementary approach which we found to be compatible with other
standard methods, matching the expected behaviour also for the first

oor|  WoB(Eg-E) + W, B(E;-E) —

excited states

o The results shown in this work are obtained from only 16 datapoints.
As we increase the quality of the data and we explore lattices with larger

time extents, we aim to gain more insight:

@ Quantitative predictions beyond the ground state
@ More challanging data: lighter masses, scalar channel.
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