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Motivalion

o Comgosi&a models ‘solve’ the Hierarchv Frobi&m...

o with new scale in the mulki-TeV'

o What are we Looking for?

-> Precision EW + Higgs observables
-> Light COMPOS£E€ scalars
-» mulki-TeV resonances (top parthers, pNGBs, sPav\--l)



Comgos&e models af
various scales

Plawnclke scale

HC and SM gauge groups
partially unified

4—fermion Ops
i Symmetry breaking by scalars mw—  goperated!

(Large scaling dimensions) additional fermions
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Usual low energy description
of composite Higgs models
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Comyos&%e models af
various scales

Planclke scale

HC and SM o Expet&ed mMasses:
partially EPSTN
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Com[pos&e models ab
various scales

Plawnclke scale ,
ppectra_on the Lattice 150106509

HC and SM gaugs
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The LHC i@.ga&v: Ec}p Par%&\@x
searches (for example)

ABaner jee ek al
600 800 1000 1200 1400 1600 1800 2000 2203,0727 (Showwmass LOI)

B-bZ, 1808.02343 (ATLAS)
B-tW", 1808.02343 (ATLAS)

3ab™', 1905.03772
T-1Z, 1808.02343 (ATLAS) 227 3ab™', 1710.02325

T-bW*, 1808.02343 (ATLAS) 1 a
[ san, 10070560 Bl o The LHC' best target are top-
‘ Far&ua\‘s.

VLQ pair production with exotic decay

-tSY. § »lv" 1907.05929

[-tSY SVott. 1907.05894
— T5tS0 S%5bb, 2002.12220

T-t8%,8%jj, 2002.12220

Dedicated searches useful to
push up the Limits, but barely
touching 2 TeV!

Xs32tS*, S*'>1'v, 1907.05894

TgTTg, Mg=>glg, 1907.05894

X3 bS* .S > W' S*.S*»tb, 1907.05894

Xs;3-bS* S W*S* St -1y, 1907.05894

o Projections for FCC-hh are
needed...

.- .

o i combination wikth scalar

S8, S*>W* W*, 2101.11961 (ATLAS)

direct pradu&&om.

S§*S, S*-1v, 1301.6065 (LEP)
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Low-hanging fruits: scalars!

How cai Light states emerge?

Gauge LOO’PS

TC-fermion masses

Top Laaps

--mm &OP --mm

(h massless for
vanishing v) §

a

This can be
smwall!



EW scalars: SU(8)/50(8) benchmark

W.Porod et al.
2210.01%2¢&

Dominantly EW pair-prod.
Good tarqets for ee colliders?

Best exclusion from mulki-photon searches

Exclusions
® >95%CL
> 68% CL
® =68%CL
— 95% CL
— 68% CL
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Typical ALY Lagrangian:

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

Campmsi&a Higqs scenario:

CWW us CBB NTC

Y

A A\ 64v/2 w2 f

(CW = Cww + OBB)

Cr s Loopwimdutedt

MBauer et al, 170%.0044-3



Tfjpif’:ai. ALY Lagrangian:

2
ma,o 2 a’ua/

a +TZF: Vr Cpy, b

D§5_1 Be)
LI = 5 (0,0)(0a) — =

a

A

N . o
9. Coa 3 Gl G 4 g° Cww x Wi, W 4 "% O - B B

Campmsi&a Higqs scenario:

Cwwi Cplerl e 4 < -
A A 64\/5 7_‘_2f ree PM‘&MQ ers,

(CW = Cww + CBg)

We will consider two scenarios:
‘?ko&owpkai.i;c: and
‘Pko&owpkabit




Tera~Z For%a& o compas&%emess
(VEQ ALPS) G.Cacciapaglia et al.

Rlo4 11064

‘Pku&owpkobm ‘mempmua

No leading order coupling to WZW interaction to photons
Photons (WZW inkeraction is Zero!!) (Like the piam)



Tera~Z F?C}T‘EOJ. o compasi&emess
(VE;Q AL?S) G.Cacciapaglia et al.

2104 11064
This process LS atwajs associabted

with a monochromatic Pha&an.

Tera Z phase of FCC-ee will lead to 8-6 10712 Z bosons
at the end of the run,

Ideal test for rare Z decays!!

4—\ T T T [ T T T [ T T T [ T T T [ T T
10—7§ wwwwwwwwwwwwwwwww E 10%
| \ 1000 -
10_85 E -
i : T 100
— | 3 E
Se h L
S 9 | = i
v | —f=1Tev B
N i ] o i
| \ — f=10TeV = 1.
-10| | 5 :
10774 . f=50Tev & f
: : 0.10 -
o \ 001 -
0 20 40 60 80 o 2 w0 e e

m, (Gev) m, (Gev) 5



Phenomeno L"’Sfj"‘?“@mf?% Decays
Photo-philic ““rEe”

o Three isolated th&mms

BR(Z — 3y)Lep < 2.2-107°

Similar from ATLAS,
Reach of HL-LHC? Worlk in progress...

I Discriminating variable:

M, = 60 GeV thvariant mass
m, = 88 GeV

Photon ordering changes
at v, mass 50 GeV

Bins above ¥0 GreV
populated by fakes:
hard ko esktimake! 10




Mcmev F?LOE

G.Cacciapaglia et al.

Typical EWPT bound i

N
= 0.01 =
‘Fromp& decays ~

f 2 410 3

/Sl <
LLP
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‘invisible’ 150 ab™" o s
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What f FCC-ee discovers Z > ya?

. Caccia Pagléa et al.
2211.00961

o Is ik possible to distinguish the composite scenario,
from an elementary mock-up model?
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eLememEo\rv case

For fixed BR = 107-%,
Le. cii,sc:mverj.

Arrows: “haive” contribution
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Qaadmap to Higgs Campmsu?:eness

The HL-LHC will leav
covering the whole i
is the target)
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COMPOSTTE
" HIGGS

COMF’OSEEQ Higqs models 101

o Symmetbry broken bj a condensate (of TC—fermions)

o Higgs and longitudinal Z/W emerge as mesons

(F?E,c;sr\s)

Scales:

J : Higgs decay constant

V : EW scale

m, ~ 4 f
N
[ f>4dv~1TeV |

. Limi&:

Vacuum
misalighment




The partial compositeness
paradigm

Kaplan Nucl.Phys. B365 (1991) 259

. 2 47 f .

Ad_l OHqL 1R Am%[ - (—> f ‘ Both irrelevant if
fl. Aq.

we assume U | dge > 4

Let’s postulate the existence of fermionic operators:

i This dimension
dp =575 (Yr qvFr + Yr qrFR) is not related
Aﬂ. , to the Higgs!

/

dr—5/2
A
flyr aLQL + yYr qr@R) wikh YL/RJ ~ i 47 f




The composite Higqgs
wilderness

Light ALPs

Electroweale pPNGBs

Coloured scalars (not in this talie)
Common exotic top partner decays
Exctic top parthers

Spin-1 resonances (not i this Ealic)

- What are muoin anomalies Erviug to tell us?



The composite Higqgs
wilderness

 Light ALPs EW and Higgs
.\ , prm‘:ismn! it
 Eleckroweale pMGBs

Coloured scalars (not in this talie)
Conmmoin exokic &op pocr&me.r d@.c:o\:js
Exotic &op par&vxers

Spin-1 resonances (not in this Eallke)

What are muon anomalies &rvur\g to tell us?



EW pNGB direct prodwaﬁ:&mn
W.Porod et al.
woTrk W progress
Dominantly pair-produced (no VEVs except for the
doublek)

Couplings to two EW gauge bosons via WZW
Couplings to two fermions via partial compositeness

Few dedicated direct searches (WWWIW and WWWZ
via doubtv*ck&rged scalar)




£ W F?NGB direck proda&&am

Decays to two GBs from
WZW anomaly

Svwaall COMFLLV\QS

Cascade d@.«:avs can be
tompe&i&ive

Photon-rich final states!

Porod et al.
ki progress

Typically sizeable
ﬂmg,pm«gs ko Ecwp and
boktom

Always dominate i
eresem&!

They may be absenk -
model d@.pemd@maa!



Fermio-phobic SU(8)/50(8) model
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(c) Decays of n for ms = 600 GeV > mg (d) Decays of ¥ for ms = 600 GeV > mg
Decays to two GBs from

WZW anomaly Cascade cieaajs

competitive for mass
Small couplings splits around 50 GeV

Cascade d@.«:avs can be
tompe&i&ive

Photon-rich final states!




SU(5>/S 0(5> b@.hﬁhmar M W.Porod et al.

woTk U progress

Run all searches in MadAmaLsts, Checkmate and Contur
on all di-scalar pair Frociuc&on channels,

Best Limits from mulki-photon searches (ATLAS generic
analysis)

Many channels contribute to the same signal region!
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TOF.' par&mer Phema revisiked

ABaner jee ek al
2203,0727 (Showmass LOI)

o pPNGBs Lighter than the top partners are to be
@_xpac&ed i all tampas&a models

The S detajs are modehdepemden&,
but they can be classified:

STt — W,
St — tb,
SY 5 tt, bb.
Calculable ratios (from Dominant, if
anomalies) and always present for the

present for all models. specific .



