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,//////////////’ o A scalar field may be made
of more fundamental fields

o We have seen this in Nature: low-enerqgy QCD!

o Symmetries can be broken djmamoaattj withouk
generating hierarchies of scales!

o \i@.rv simple models can be builk. (With coveats...)



COMPOSIT;
_HIGGS !

Comgosi&e Higqs models 101

o Symmetry broken by a condensate (of TC-fermions)

o Higgs and longitudinal Z/W emerge as mesons

(Fvwms)

Scales:
J : Higgs decay constant
V : EW scale
m, ~ 4 f

EWPTe T o T
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The EW svmmeﬁrv
is embedded in the global
flavour symmekry
SU(4) !

o The gtobod. sjmmeﬁr3 is brolken: SU(4)/SF?(4)

Witten, Kosower

o § CGroldstownes (Famms) arise;

58p(4) g (27 2) D (17 1)

Higqs i additional singlet




Muown g-2 amamaij

g, — 2
Aay, ' Saeil Aaulopp + Atulpw + Adulgop + Adulpgy

2

116584718.9(1) x 1071 /0.001 ppm

153.6(1.0) x 10~1!  0.01 ppm

6845(40) x 107~ " S Pl

92(18) x 10™11  0.15 ppm



Muon 9-2 anomaly

g, — 2
A u2 B AaM‘QED + Aay| gy + AQM‘QCD + Baulpgar
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A= eV < Ay

Aay,

Standard Model Experiment
Average Amomatv pom& to Ehe wost
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9 natural scale of Technicolor!
a,x10° - 1165900

(compositeness at the EW scale)
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Muon 9-2 anomaly

g, — 2
A u2 B AaM‘QED + Aay| gy + AaM‘QCD + Baulpgar

lattice —8B—
R-ratio —6—
-

BMWc'20
Mainz'19
FHM19
ETM19

BMWc'17

. " DHMZ19

Standard Model Experiment KNT19 :
Average CHHKS'19 no new:physics

75 180 185 190 195 200 205 21.0 21k 660 680 700 720 740
1010 5 aLO-HVP

a x10° -1165900 !

New lakbkice resulks reduce kension: s&av Funed! s



There’s something abouk
Muowns »

BR (BT — KTutu™)

0.044
Rk = = 0-846:;.(;41

Ntc=2, (Ya¥q)bs=0.035

BR (BT — Ktete™)

o 92 fixes the scale of new physics

o watural values for TC-like
theories!

o RK requires large muon couplings
(attainable i strong dynamics)

These anomalies will be
further probed in the
near future!
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Perspectives: low energy

A complete scenario motivaked bfj the muon
anomalies can be conskructed.

The Higgs must be a Light dilabon-lilke
ccmposi&e resohnaince.,

Low scale => testable okt the LHC and future
colliders.

BSM laktice studied can pom& fowards the
correct underlying theory (model building)



Light composite resonances

How caw light states emerqge?

Gauge Loo!os

TC-fermion masses

TC)F’ Loo!os

- - &OF - -

(h massless for
vanishing v) 1§

a

This can be
smwall!



Composite ALP Lagrangian:

2
ma,o 2 a’ua/

a +TZF: Vr Cpy, b

D§5_1 Be)
LI = 5 (0,0)(0a) — =

a

A

a

A

a

Gﬁ,, G* A + g? Cyrwy A

+g§ OGG W:)/ W'IW’A—FLC]/QOBB B/W E,u,u’

Composi&e Higqgs scenario:

CWW us CBB NTC

Y

A A\ 64v/2 w2 f

(CW = Cww + OBB)

Cr is metpwimduaeo’tz

MRBauer eb al, 170%.004-43



Tera-Z por

tFal to ﬁampos&emess
(via ALPs)

This process Ls atwajs associaked
wilth a monochromaktic pko&on.

Too small to exptaim

the muon 9-2 anomaly!
MBauer et al, 1704 .0%207
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Perspectives: light composites

Composite (Higgs) models naturally feature very
Light (pseudo)scalars

Ideal Physics case for FCC-ee (FCC-France
inikiative)

Exotic decays of top parters: systematic study at
the LHC, “Master” UF0 model files @ NLO

- If below MeV, they can produced inside stars,
and affect the Cosmological evolution
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— compte&éous

Composite (Higqgs) in space!
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Composite (Higqgs) in space!

Origin of flavour
nteractions

Kesonawnces,
confinement

Pions

Higgs and
EW scale

__Baryogenesis

o “‘Fhase

i Eransition(s)

Time (seconds) Temperature (Kelvin)

0 00
BiglBEng
J J

. [ Cremim Cesmalesy :
Baryogenesis / Inflation

EMIEEparatesiiromiVeakINUCIean
J

.. " 1
QUank:Hadrongliansition
. 10

Nucleosynthesis

Recombination

12



—
&

uv
— COMFLQEE,OMS :

=
N

Composite (Higqgs) in space!

mportant cvenis in tne Universe
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12



Cubkloolke

Composite (Higgs or Dark Matter) models are a
feasible route for New Physics

g-2 and R exptaimabte via TC-lilkke theories
‘Phemomemotogv afk LHC and FCC-ece

Phase Eransitions in the eocri.v Universe can
generate relic gravitational waves

Interesting and fun physics from Low energies to
Cosmoi.og;;!
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