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= cverything is consistent with the SM Higgs hypothesis (so far)




(B)SM Higgs

* perturbativity aghtly bound to the Higgs mass parameter
(= unitarity, Higgs width, reliability of oblique corrections,...)

* Higgs discovery seems to fall into this perturbative QFT paradigm
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(B)SM Higgs

* perturbativity tightly bound to the Higgs mass parameter
(= unitarity, Higgs width, reliability of oblique corrections,...)

* Higgs discovery seems to fall into this perturbative QFT paradigm
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(B)SM Higgs

* perturbativity tightly bound to the Higgs mass parameter
(= unitarity, Higgs width, reliability of oblique corrections,...)

* Higgs discovery seems to fall into this perturbative QFT paradigm
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Compositeness in a nutshell

* interpret the electroweak scale as a radiative phenomenon,
analogous to the pion mass splitting

[SU@R)xSU(Q2)g] A
: :

effective potential . o
[Coleman, Weinberg ™ 73]... G
SUpCI'—COHV@I'g ent

[Weinberg " 67]
/ [Witten * 83]
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Compositeness in a nutshell

* notstraightforward to this adapt to the Higgs case c.g. [Contino " 10]

trigger .
ELW symmetry respect global LEP precision

breaking not just symmetries in the measurements
CW masses Higes sector




Compositeness in a nutshell

* notstraightforward to this adapt to the Higgs case c.g. [Contino * 10}

trigger .
ELW symmetry respect global LEP precision

breaking not just symmetries in the measurements
CW masses Higes sector

* complete vacuum mis-alignement from SU(2); x U(1)y direction

requires the presence of heavy fermions

V(h) x acos(2h/f) — Bsin?(2h/f)
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Generic hints of compositeness

[CCWZ " 69]

» write down a non-linear Sigma model with scale / i e o B

» gauge boson masses through symmetry choices

* fermion masses through mixing with baryonic matter (part. compositeness)

[Kaplan "91]
» minimal pheno model SO(5)— SO(4) = SU(2)1.. x SU(2)r
MCHMA4 MCHMb5 ¢ 2) 42
= v
ghVV/ghVV VARSH3 ’\/11 2_ £
ghhh/ghhh Vidlbete 1;3%
Inh T —&mg/v? | —4Emy [v?
Jhgg and Jhhgg 0 0 [Agashe, Contino, Pomarol * 04]

[Contino, Da Rold, Pomarol " 06]

* top quark couplings depend on baryonic symmetry embedding
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Generic hints of compositeness
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Generic hints of compositeness

write down a non-linear Sigma model with scale /

gauge boson masses through symmetry choices

fermion masses through mixing with baryonic matter (part. compositeness)

minimal pheno model SO(5)— SO(4) = SU(2)1 x SU(2)r

11

UV completion ?



Compositeness vs. Simplified Models
» write down a non-linear Sigma model with scale /
» gauge boson masses through symmetry choices

* fermion masses through mixing with baryonic matter (part. compositeness)

» minimal pheno model SO(5)— SO(4) = SU(2)1.. x SU(2)r
UV completion ?

SU(4) x SU(5) x SU(3) x SU3) x U(1)x x U(1)
S e e N
Guc Gr [Ferretti * 14, " 16]
: [Agugliaro etal. * 16]
could work with

SU(5)  SU(3) x SU(3) ,

Gr/Hr = Ul

e T e AR A
[Rabi, Dimopoulos, Susskind " 80]

12 [Preskill, Weinberg *81]




A concrete model of compositeness

» model predicts a number of exotics phenomenological implications

| SU(5)  SU(3) x SU(3) ,
i dEs ooey ey e X

[CE, Schichtel, Spannowsky " 17]

doubly = hyperpions
charged, singly \ i
Charged and extra [Matsedonskyi, Panico, Wulzer ™ 15]
neutral Higgs
bosons Lo+ 2412+ 30+ 341 similarities with [Georgi, Machacek " 85]

[Belyaevetal. " 17]

» partial compositeness: expect modifications in association with
heavy fermions

13



Simplified models

[Wess, Zumino " 71
[Witten " 83]

L % %éﬂb ,Lu/aBAa Ab
WZW 2 Cs ar € uviiap

87T far

[qd] ur sano1u0d Yyg.o

14 [Belyaevetal. * 16]



Q=1I3+Y
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Q=1I3+Y

lo+2./0+30+3+1

* model independent statements
very difficult for top decays
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Q=135+Y Simplified models

H::

lo+2./0+30+3+1

ATLAS Preliminary
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Q=135+Y Simplified models

lo+241/0+30+ 341
30 311 N

= SU(2),

VCV no vev

[Georgi, Machacek " 85]
[Gunion etal. " 91]

(x3) = (£2) =0

* massive scalar degrees

(x3) ~ (§2) # 0

* fine-tuning in T

» WBF single production of H** )| * DY pair production of H**




Q=1I3+Y Simplified models
10 + 2‘?‘1/2 - 30 + 3i:1 '

vy = (x3) ~ (§2) #0

[Hartling, Kumar, Logan " 14]
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Q=135+Y Simplified models

lo+2410+30+ 341

Cheung, Gosh " 02]
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CE, Re, Spannowsky " 13]
Hartling, Kumar, Logan " 14]
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Simplified models
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Q=13+Y A concrete model of compositeness

[Kanemura, Yagyu, Yokoya " 13]

| [Kanemura, Kikuchi, Yagyu, Yokoya " 13] H
Lo + 2i1/2 + 30 + 341 [CE, Schichtel, Spannowsky * 17]
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partial compositeness in the b sector
VS
WWZ interactions
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A concrete model of compositeness

» model predicts a number of exotics phenomenological implications

| SU(5)  SU(3) x SU(3) ,
i dEs ooey ey e X

[CE, Schichtel, Spannowsky " 17]

doubly = hyperpions
charged, singly \ i
Charged and extra [Matsedonskyi, Panico, Wulzer ™ 15]
neutral Higgs
bosons Lot 2412430+ 341 similarities with [Georgi, Machacek " 85]

[Belyaevetal. " 17]

» partial compositeness: expect modifications in association with
heavy fermions
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A concrete model of compositeness: LECs

triplet Higgs masses

A 16 -
V =Cigr (392 +¢?)(2HTH + Eqbi@r) N 892¢0¢0> G 8FLL¢E—¢+

g 4-point baryon correlator breaks SU(2)

triplet states not necessarily affected

el 2 A~
m¢0 g ]‘69 CLR ) [Ferrett * 14] [Golterman, Shamir " 15, 17]

/
2
g oS o

m35+ = 16(g” 4

small mass splitting can expect small EWPD corrections compared

to effective MCHMD5 scenario

e.g. [Giliozetal. " 12]
24



inform strong interaction?

* searches for extra scalar / pseudoscalar Higgs bosons with
couplings to top quarks
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* challenging phenomenology, but can expect sensitivity at large
luminosity (within the LHC’s kinematic coverage)
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m vast field of BSM Higgs theories

strong EWSB with non-SM
interactions? quantum numbers?




m vast field of BSM Higgs theories

strong EWSB with non-SM
interactions? quantum numbers?

exotic Higgs
phenomenology

= plenty of resonant opportunities in the “LHC precision era™




