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Motivakion

o Scalar fields acquire VEV (2HDM, GM, ...)
-» Single production + decays to massive bosons/fermions

o Scalars do wnok acquire VEV: common
scenario in composite Higgs models!
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-> Vacuum alignment induces VEV for the ‘Higgs’ doublet only



HIGGS

CQMPOS&Q Higqs models 101

How cai Light states emerge?

Gauge LOO’PS

TC-fermion masses

Top Laaps

--mm &OP --mm
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vanishing v) §
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This can be
smwall!



The partial compositeness
paradigm

Kaplan Nucl.Phys. B365 (1991) 259
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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!
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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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?hev\om&hoiogv
accessible
ko colliders

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

To[a

;5 Spin-1
i P p&r%mers

F-X CO{_QMTQd FNG’BS

Usual Lo
of cow

singlet pNGBs (ALPs)
- Standard




£ W F?NGB direck prodwaﬁ:&mn

RR10.01%26

@omiman&tj F’QET"“PTC}duﬁéd via EW gauge interactions

Couplings to two EW gauge bosons via WZW
(mcluding Fho&ahs!!!)

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

Porod et al.
RR10.01%26

| & Typically sizeable
WZW ammmogtfj ;} ﬂmg,pm«gs to Ecwp and
boktom

Decays to two GBs from

Very small couplings
o Always dominate if
Cascade decays can be | present!
competitive ,
o They may be absent -
Photon-rich final states! model dependence!



Fermio-phobic SU(8)/50(8) model
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Decays to two GBs from

WZW anomaly Cascade cieaajs

competitive for mass
\ferfj small couplings SPLE&S around §0 GeV

Cascade d@.«:avs can be
tompe&i&ive

Photon-rich final states!




SU(£)/50(8) benchmark

W.Porod ek al.
2210.01%26

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!

——Full simulation ——Full simulation
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SU(£)/50(8) benchmark

W.Porod ek al.
RR10.01%R6

Exclusion from mulki-photon search

S++ cascade cie.c:avs Change i dominant SR
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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 .



Common exotic EQP Far&mer

d@.&avs

€ + —
L = k¥ T Prb+ k% TZ Pt +
UV Zsm . TW' Pr ZCWSW 7. TZPL \/—SW
+— k% BIPb+ KW XW Pt + L& R+he (14)
2CW SW ’ \/_SW/

KZB LBW PLt

- - - —
Loss = St [nifLTPLb + Ky  XPrt+ L R] +he + Y S; lnf;,LBPLt + L R| +he.

0 0
+ 3080 [k, TPt + sy BPLb+ L R| +he.

S++

+y S [KXLXPLb—l—L(—)R] +h.c.

o Possible to write a Master-Lagrangian containing all
Fossibi.e tou!pi.w\gs, mei.emev\&ed ab NLO ih MG (FSMOG)

Work tn progress by ADeandrea and B.Fulks



Common exotic EOP Par&mer
Ci@.&ﬁ:js KBahenigl chiot

2203,0727 (Showwmass LOI)
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o Dedicaked searches may be
useful to push up the Limits.

Xs321S*, S*-1"v, 1907.05894

TgTg, ne—)!nt;;, 1907.05894

Xen>bS*™ S** > W' S*.S* b, 1907.05894

o Projections for FCC-hh are
needed...

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

o i combination wikth scalar
direct Pradu«:&om.
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Exokbie EOP par%mers

G.C&c&éapagt&a ek al.
2112.00019

o A specific model: M of Ferrettis classification

Underlying fermions (like quarks) Baryons (&alo par&vxers)

o ool oo [ o

14 — 80+3—2x+32x,

21 — 80—|—62x+6_2x + 1o




Exokbie EOP par%mers

G.C&c&éapagt&a ek al.
2112.00019

o A specific model: M of Ferrettis classification

Underlying fermions (like quarks) Baryons (&alo par&vxers)
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Exokbie EOP par%mers

&.Caceia FQSLLQ ek al.

R11R.00019
o A specific model: M of Ferrettis classification
Umderiji,t»\g fermions (Like qu,aﬂzs) Baryons (&alo par&vxers)

21 — 80—|—62x+6_2x + 1o




Exokbie &w[p Fam*%mers

G.C&c&iago\gtm ek al.
2112.00019

The new par%itte contenk looks
Lromiaaibj SUSY-Lilee!



Exokbie &w[p Fam*%mers

G.C&c&iago\gtm ek al.
2112.00019

Mixing with ‘
the Ec:fp ‘

Octets Triplets Singlets
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(a) g — Brg, T3 — tt/gg. (b) G+ — htmg, mg — tt/gg. (c) GO — hOmg, mg — tt/gg.
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Conclusions

' Scalar pair production is characteristic of
composite Higgs models (and beyond)

DPedicabted searches can merova reach

Production via heavier skakes: Ec::p par&mers
(‘standard’ and ‘exctic’)

Heav:j spin-1 skates under sEuc&j



Bownus ktraclkes



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




Com[pos&e models ab
various scales

Plawnclke scale ,
ppectra_on the Lattice 150106509

HC and SM gaugs
Pm‘&iad.i.j unli
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» Standard Model




Typical ALY Lagrangian:

m? o*a

1 2 _
£55° = 2 (0u0)(@a) ~ "0 0 4 TS G Op i
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9. Coa 3 Gl G 4 g° Cww x Wi, W 4 "% O - B B

Campmsi&a Higqs scenario:

Cww % CpB Nrc

Y

I\ )\ 64v/2 72 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




Mcmev F?LOE

G.Cacciapaglia et al.
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