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Wl«v campasi&emess?

H -y

O i

o The Higgs field may be
made of more fundamental

S fields

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

o Symmetries can be broken dynamically without
generating hierarchies of scales!

o \i@.rv simple models can be builk,



Nowm-minimal s the new
minimal’

T.Ej&f:ov, F.Sannine 0%09,0713
Gralloway, Evans, Lu.Ej, Tacchi 10011361

SU2)rc|SU)y SUR2)L | U(1)y

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

o The gtobaL sjmm&ﬁr3 is broken: ‘SU(‘P-)/SPM-)

Witken, Kosower

o § CGroldstownes (pmms) arise;

58p(5) gl (27 2) D (17 1)

Higqs i additional singlet




The sp@.«a‘:&rum

Labkltice resulks:

Spec&ruw\ campared
ke QCD EamPLa&e:
different structure!
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Comgosi&emess,
and the Higqs bosown

QCD kem pto&ez

o Croldstones include the
Llongitudinal d.of. of W and
2

s T Pioms

o the Higgs is a Easeu.do-

g sigma
Goldstone (FNGB)



Comyos&emess,
and the Higqs bosown

It’s a story of alignment .
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Comgos&@.mass,
and the Higqs bosown




The hot potato: fLavour!

Scale of

100,000 T&\; ‘ Aﬂavour {:QT‘ME,OV\ Wass

generation

How can Ehis
hierarchy be

generated?
16 TeV A~ 4rnf Vector resownances,
~ : A
1 TeV i L.mncie.nsahic}v\ scale Wity ~ ( éf ) D
(extra va\s) A
~ f<in6 Too small!
100 GreV vsMm ~ [ sin EWSR




The hot potato: fLavour!

Scale of

100,000 T&\; ‘ Aﬂavour {:QT‘ME,OV\ Wass

generation

Inkermediate
conformal
req Lo

16 TeV A~ 4rnf Vector resownances,
Condensation scale
L
i / (extra F»E,ov\s)
100 GreV vsm ~ f sin 6 EWSR

(W) — On

dlm[OH] — dH

effective Yukawa:

1
A

ol
4
Mtop ™ (g) 41 f sin 6
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Onqiqr



The hot potato: fLavour!

100,000 TeV .lf Ko oo Light nfermi,ons MM&&“SCO\L@-
model
AIaE
Conformal M, ~ (W) A7 f sin 0
reqgion As.

!

s DUl = d~ 15

Vector resonances,

16 TeV
. Still, for the top, one
Condensakion scale L e
1 TeV i (extra Pmms)
+ O++ stake? A .
100 GeV vsMm ~ f sin 6 EWSB top 7Tf




The partial compositeness
paradigm

Kaplan Nucl.Phys. B365 (1991) 259

. g A f .

Ad-1 Onqrar Am3; ~ (—) f2 Both irrelevant if
f. Ag,

we assume; U | dpz > 4

Let’s postulate the existence of fermionic operators:

1 This dimension
dp =572 (gL @r 1t UR qRFR) s ot related
Aﬂ. ; to the Higgs!

/

dr—5/2
A
flyr a1Qr + Yyr qrQR)  with  YL/RI ™ i A7 f




The partial compositeness
paradigm

Higqs
i

flyr a.Qr + yr qrQR)

MQijy[myRNl MQN47Tf:>yL7yRN47T

Top can cancel Eop LOOF,
PUVC



100.000 TeV

10 TeV

1 TeV

100 CreV

Aﬂavour

A~Arf

vsMm ~ f sin 6

ﬁampos&émam

o
Flavour scale
@
Conformal
region
®

Veckor resonances,

Condensabion scale
(extra Pi,oms)
+ (++ stake?

EWSB

Are large baryon
anomalous dimensions
consistent with QFT?

What are Ehevj tomposiie
of? (QCD colour...)

What gewnerates the
Yukawas?

} TOF Fom&ners



Top partners as barvams

Goauge-fermion underlying theory

1
A o H V@DG (L o ltypically Loop-—-suwressed
. g
T o psi need to carry colour and flavour

quantum numbers

dnalve e 7/2

1 o higher dimension, but easier to generate
-
fl. & Note: issue with other 4-Fermion
T inkeractions non avoided!!! Anomalous
dnalve =7 /2 dimensions are crucial!



Sequ,és tering QCD

QTC : rep 4
@,
SM EW

global = 0@ 0 =4l

s

F*NGB Higqs
DM?

y G Ferretti, D.Xarateev
T‘QP < 1312.8330, 160406467
« 3 4

X T' = QQx or

colour + kj pemkarge

a) (xx).#0

coloured FNGBS
di-boson

bla o =0

Light top partners
from t Hooft anomaly
condiktions?

QXX



Al QXQMF'LQ

Barnard, Gherghetta, Ray 13116562

Baryowns: ()0)x

Grrc Global symmetries

[ So(No) [ SUG), | SU@), | U)y [ SU@ [ SU®) | ()
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Crlobal symmelries

More precisely, the global symmetries are:

SEENG) < SU(N,, ) (1)Q UL

WZW btermw:

2
g; kg

LD — a PGl Gy,

3272 f,

Anomalous U(1) -> heavv 77’

Coefficients depend
on the underlying dynamics! 01”&‘4090&\0& U(l) -7 F?NGB a

G =AW Z L | ‘ .
AW Z, g Decays and Fraduthom

Cai, Flacke, Lespinasse 1612.0450% C}Vki.‘j Via WZW QMOM&LU«



Model z.ooi.ogv

SU(5)/SO(5) x SU(6 /S0(6)

--
-
Pseudo-Real SU(5)/SO(5 X SU(6 /Sp(6)

S T NN 1 e —
] oxa | ot | iess [ S50 s | amemi |
0 Y
Complex U(5)/SO(5) x SU(3)?/SU(3)

P T T e T T e
--

Pseudo-Real SU(4)/Sp(4) x SU(6)/SO(6)
e axr | axe [mvosn [ggg] o [ imms | 38
T T T T
Complex U(4)%2/SU(4) x SU(6)/SO(6)
Complex Complex
e S Cha )
U (¥

Ferretbi
1604 06467




Model z.o-oi.ogv

The EFT is the same!

Pseudo-Real Real SU(4)/Sp(4) x SU(6)/SO(6)

ool teom | ot Dmend 18 Las ] smen | oo

Defines tan ¢ Theory confines!

= YPx

Note: there is enough bm*voms to give mass to
the top (and boktom) only’



Example of predw%mmsz

di-boson resonances

1

2jet
Zh
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Talke-home box

@ Nown-minimal models are the norm:
additional Light pNGBs (mesons)

o Conformal symmetry needed by
fLavour: Light-ish dilaton?

o Top (fermion) partial compositeness:
Light-ish fermions (baryons)



Composite Higgs Vi3s

o Most analyses so far done in EFT

v V2 V3

/ h* h?
1 <1+2a—L+bL—+b3L—.+---) Tr [@U@“UT]

1 1 . A
5(8uh)2 — —mih*® — ds\vh® — dqh‘l + -

2




Composite Higgs Vi3s

Grrober, Muhleithner
1012.1562

o Most analyses so far done in EFT

SM: pp =HH+X MCHM4: pp —HH+X MCHMS5: pp —HH+
LHC: offb] LHC: o[fb] LHC: u[fbﬁ)
£=0.2 £=0.2

SM;M ﬁut&s
or




Composite Higgs Vi3s

Betjo\ev etk al
1212 .3% &0

o Most analyses so far done in EFT

o Mulki-V or H could be the WY to 90!



Composite Higgs Vi3s

Bei.vaev etk al

1212.3%60
SRR (00,+-) — +-H (MCHM4)
— — = (00,+-) - +-+- (MCHM4)

(00,+-) - HHH (MCHM4) ~ [P9% T

SM
-1 -0.75 -0.5 -0.25 0 025 0.5 0.75 1

g "V

Y modifier

partonie v/s.— 2 Tel



Composite Higgs VS

Betjaev etk al
1212 3% &0

jjhhh with VBF cuts o
o M oS5 & 33 Tev, MCHM4 T

14 Tev, MCHM4

A 0.5 06 07 08 09 1 1.1 1.2 1.3 14 15 g
Contino ek al

a 1309 703%




Composite Higgs Vi3s

o Most analyses so far done in EFT
o Mulki-V or H could be the WY to 90!

o Resownances heed to be added!!!

WW/ZZ double Higgs fusion: qq — qqH H




A QCD exam!zaie:

Harada, Sannino, Schechter
hep-ph /9611335

Figure 4: (a): The solid line is the current algebra + p + o + f,(980) result

for RY) obtained by assuming column 1 in Table 2 for the o and f,(980) param-
eters (Br(fo(980) — 2m) = 100%).



COMPQSE%@. Higqs VRS

Most analyses so far done in EFT
Mulki-V or H could be the WY to 90!
Resonances need ko be added!

How aboub Pha&oms?



Composite Higgs Vi3s

Loops: sensitive to many couplings!




Comyas&@.

and ko resownances!




v — HH at FCCee

Graur, Harada, &.C. et al
work U progress

Top coupling modified



v — HH at FCCee

Graur, Harada, &.C. et al
work U progress

Trilinear coupling modified



Composite Higgs Vi3s

Most analyses so far done in EFT
HHH could be the way to q0!
Resonances heed to be added!!!
How about photons? (HH)

 FCCee and FCChh crucial F@Lavers



