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COMPOSIT;
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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
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COMPQSLE@. Higqs models 101

How cal Light states emerqge?

Gauge loops

TC-fermion masses

TC)F’ Lc:»c:r[os
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(h massless for
vanishing v) {§
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This can be
smwall!



T.f?.jftf:ov, F.Sannine 0¥ 09,0713
(’"‘:rai.i.owaj, Evans, Lulty, Tacchi 1001.1361

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

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

Witten, Kosower

o § CGroldstownes (pmms) arise;

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

Higqs i additional singlet




The partial compositeness
paradigm

Kaplan Nucl.Phys. B365 (1991) 259
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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!
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Top partners as barvams

Goauge-fermion underlying theory

1 ) Evpitod.tj Loop-suppressed
1%
A qO-lu @DGW/
. St P ) Psi. need to carry QACD colour and
T flavour quantum numbers: too mam:}!
d%aive Sy /2

o too many adjoint fermions!



Top partners as baryons

Grauge-fermion underlying theory

16
A—2 g o higher dimension, but easier to generate
. o
T e More freedom in choosing the fermion
representations

d%aive e 9/2




Sequ&s%&ru«g QCD
Partial &ompos&emess

QTC : rep 4
@,
SM EW

global = 0@ 0 =4l

s

F*NGB Higqs
DM?

/ G Ferretti, D.Xarateev
T‘QP < 1312.6330, 1604 06467
. 3 «

X

colour + kj pemkarge

a) (xx).#0

coloured FNGBS
di-boson

bla o =0

Light top partners
from t Hooft anomaly
condiktions?

= QQx or

QXX
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 Light ALPs (ot in this talke)

Coloured scalars -» 4 top final states
Common exctic top partner decays
Exotic top parthers

- What are muoin anomalies Ervuf\S to tell us?



Commwon exoctic %QP Par%mev
d@.&&js

ABaner jee ek al
2203,0727 (Showmass LOI)

o pNGBs Lighter than the top partners are to be
expec&ed i all tam[vosi&e models

The S cie&ajs are mociatmdepemdes«&,
but they can be classified:

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

present for all models. specific S.



Commwon exoctic Ec::vp Par%mev

d@.@&js

€ + —
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
possibm tauptav\gs, ampieme&\&ed abk NLO in MG (FSMOG)

Work in progress by A.Deandrea and B.Fuls



Common exobie top partner
d@.&&js ABanerjee et al

2203,0727 (Showmass LOI)

VLQ pair production with exotic decay

[-tSY, S yy, 1907.05929

T-tSY S"-tt, 1907.05894
T-tS% 8%5bb, 2002.12220
T-tS°,8%jj, 2002.12220

X St S*oth. 1907 .05894
X53-1S", 8" 1"v, 1907.05894

X5a3=bS*™ S W'S* S W*2Z/y, 1907.05894
Xs3-bS"" S W'S",S*-tb, 1907.05894
X53-bS* S W*'S* S*>1v, 1907.05894

VLQ pair production with SM decay

BotW-. 1808.02343 (ATLAS)
B-bZ, 2008.09835 (CMS)
B-bH, 2008.09835 (CMS)

T-tZ, 1808.02343 (ATLAS)
T-tH, 1808.02343 (ATLAS)

X-tW*, 1810.03188 (CMS)

Spin-0 pair production
S§*S", §*-1v, 1301.6065 (LEP)




Exokbie %QP par%mers

G.CQCCZLQPQSLLQ ekt al.
2112.00019

o A specific model: M of Ferrettis classification

Underlying fermions (Like guarks) Baryons (Eop Pm*?:ners}

o ool oo [ b

14 — 80+3—2x+32x,

21 — 80—|—62x+6_2x + 1o




Exokbie %QP par%mers

G.CQCCZLQPQSLLQ ekt al.
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Exokbie %QP par%mers

G.CQCCZLQPQSLLQ ekt al.

2112.00019
o A specific model: M of Ferrettis classification
Umderb:}ivxg fermions (Like qumhss) Baryons (Eop Pm*?:ners}

21 — 80—|—62x+6_2x + 1o




Exokbie &vp par%mm’s

G.Caccia[aagtia ekt al.
2112.00019

SU((2).
doublets




Exokbie &vp par%mm’s

G.Caccia[aagtia ekt al.
2112.00019

SU(2). . .
doublets Octoni (Dirac):

Gluoni (Majorana):

Higgsoni (Dirac):

. [B
Boni (Majorana): B = (~) .
B

The ba\r:jc)m conbtent loolks iromiﬂawj
SUSY-Lilke!



Exokbie &vp par%mm’s

G.Caccia[aagtia ekt al.
2112.00019

Mixing with ‘
the &:}p

Octets Triplets Singlets



Octoni bounds

G.Cacciapagtf.a ekt al.
2112.00019

o Model E,m[zatemem&ed . MG,

o Check Limits from searches in
MadAnalysis and CheckMate.

o Strongest bound from gluine and
stop searches:
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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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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!




