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Composite Higgs Models

The Higgs sector of the SM is replaced by a new strongly interacting sector
= dynamical breaking of EW symmetry

v

Two classes of models
@ Technicolor ?: Higgs < Lightest resonance

e Composite Goldstone-Higgs ©: Larger global symmetry than what
strictly needed to break EW symmetry. Higgs < Goldstone boson

4S. Weinberg, Phys. Rev. D13 (1976); L. Susskind, Phys. Rev. D20 (1979)

bD. B. Kaplan, H. Georgi, Phys. Lett. B136 (1984); D. B. Kaplan, H. Georgi, S. Dimopoulos, Phys.
Lett. B136 (1984)
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Introduction

SM fermion masses

Partial compositeness ?

“D. B. Kaplan, Nucl. Phys. B365 (1991)

Linear coupling between SM fermions and a composite state of the new
strong sector : | Lj < FFFF

@ Need for large anomalous dimensions (not measured so far)

A;\(Mv) fFFF
d—4
J, = Ar(Aew) = Ar(Apv) </,\\fjv\f>
MO fFFF
EwW
e d—-4=0

° d=%+d]:]:]::%+3><%—’}/:>
e FJFF must have the same scaling dimension as a scalar plus a fermion

v
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Fundamental partial compositeness

Fundamental partial compositeness ?

?F. Sannino, A. Strumia, A. Tesi, E.Vigiani, JHEP 1611 (2016) 029
@ A composite Goldstone-Higgs model

o Gauge group: SU(N¢), SO(N¢), Sp(Nc¢)
o Nf fundamental fermions (F)
o Ns fundamental scalars (S)

@ Masses of all the SM fermions are generated via partial compositeness:
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Fundamental partial compositeness

Fundamental partial compositeness ?

“F. Sannino, A. Strumia, A. Tesi, E.Vigiani, JHEP 1611 (2016) 029

@ A composite Goldstone-Higgs model

o Gauge group: SU(N¢), SO(N¢), Sp(N¢)
o N¢ fundamental fermions (F)
e Ns fundamental scalars (S)

@ Masses of all the SM fermions are generated via partial compositeness:

Minimal fundamental partial compositeness ?

2G. Cacciapaglia, H. Gertov, F. Sannino, A. E. Thomsen, arXiv:1704.07845

e Gauge group in a pseudoreal representation (— enhanced global
symmetry)

L Nf =2
@ Ns = 12 = provide mass for all the SM fermion fields

v
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Fundamental partial compositeness

Scalar quartic couplings

Scalar quartic potential
e Example: SU(Nc¢), Nf fermions, Ns scalars

@ Scalar quartic potential:

V = XOTr(S18)2 + \ATr(STSSTS)

o If Ns = 1= Tr(STSSTS) = Tr(S'S)? = 1 quartic coupling
(A= AL )\(2))

@ A quartic self coupling for the scalar fields is always generated via the
gauge interaction
@ The scalar quartic couplings do not necessarily have a Landau pole
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Fundamental partial compositeness

Renormalization group flow

@ Ns =1 = couplings:
@ Renormalization group equations: dlﬁ’i = Ba
Ho

1-loop S-functions

Ns
(477)255; = _< 3 N¢ — §Nf - 6>g3

(47)2Bx = 4(Nc +4)3? = =—F
C

6(N2 —1 3N3 +3NZ2 —12N- + 6
(N¢ )gz)\+ c +3Ng c+ P

4N2Z
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Fundamental partial compositeness

Complete asymptotic freedom

=

N¢

=H O 00 ~NO 1~ WwWwN

No solutions

15.93 < Nf < 16.25
19.8 < Nf < 21.75
23.56 < Nf < 27.25
27.27 < Nf < 32.75
30.94 < Nr < 38.25
34.6 < Nf < 43.75
38.24 < Nf < 49.25
41.88 < Nf < 54.75
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SU(2) + 2 fermions and 1 scalar

The need for lattice simulations

The global symmetry breaking must happen in the same way as in a model
with only gauge bosons and fermions = the scalars must be a small
perturbation to the gauge-fermion model

’5U(2) + 2 fermions and 1 scalar

@ SU(2) + 2 fundamental fermions, minimal model of composite
Goldstone-Higgs, has been extensively studied 2

@ Ns =1 = one scalar quartic coupling

o Not completely asymptotically free

o We cannot take the continuum limit
e Landau pole at a high energy scale = matching to an effective theory

?R. Arthur, V. Drach, M. Hansen, A. Hietanen, C. Pica, Phys.Rev. D94 (2016)
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Preliminary lattice results

Lattice action

Np=2

s 522(1_%“% ) Y () )+

x p<v i=1 x,yeN
5 |- X (ST00U k)SCx +) + ST ) SCx - u)>+

(2 +8)ST(x)S(x) + A(sf(x)S(x»Q]

© Pu(x) = Ulx, m))U(x + 11, ) U(x + v, 1) U(x, v)

o D(x,y) =bxy—5 [(l—fyM)U(x,,u)5y7X+“+(1+’y“)U(x—u,M)T(Syvx_u}

2

® K= gomr
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Preliminary lattice results

Choice of bare parameters

o Lattice size: T =32, V = 163

o Fixed |3 =2.0] [ mf = —0.94

o Different values of mg and A

M| mz NILE
0|25 2|25
0]6.25 21625
0|1 211

0] 0.25 21025
0|0 2 |-05
0 | -0.25 2 1-1
0|-05 2| -1.2
0| -0.75 2| -2

0 -1 2 1-3
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Preliminary lattice results Meson spectrum

Meson spectrum
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Preliminary lattice results Meson spectrum
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Phase structure
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e results

Phase structure
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Conclusions and outlook

Conclusions and outlook

Conclusions

@ First study of Fundamental Partial Compositeness on the lattice

e For large m% the spectrum of the gauge-fermion theory is recovered

@ For smaller m?j, the deviation in the spectrum can be explained by a

shift in mpcac
@ No symmetry breaking is observed in the scalar sector

Future analysis
@ More values of ms and \; different lattice spacings /3
@ Outline the phase structure
@ Spectrum of ¢S and SS states
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|
Running of the couplings (SU(2), Nf =2, Ns = 1)
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