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The %op at a glance

o The Eop quaﬂ& ts the heaviest
Far&ide kirowi o mankind!




The %op at a glance

o The Eop quo\rw ts the heaviest
Far&ide kirowi o mankind!

o The only “Natural” fermion
Mtop Y USM > 117
o Largest coupling to the Higgs

o Ideal candidate for New
Physics effects!
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The &;)F? at a glance

Top effective couplings (EFT)

Resonances
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New states decaying into top + X

(VLQs, ...)
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TC}F' and DM: MOMOEOF (+ Unavisible),
tE + DM, ...
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The EOF LA &omyos&e
models

o In composite models, the fermion mass “naturalness”
idea is reversed.

1 o
FQLQR<QQ> i A%C sin ¢ qrqr Agec < Ar
T F

& Fermiol masses are “haEuraLLj" supyressec’\: the EQF» LS
the weirdo!

UsM
IQ Miop ~ J sInG

0246 1 10 TeV




The EQF LA &om[oos&e
models

o A par&iaﬂsj tompmsiﬁa &op:

yr trOr +yr trOR Miop ~ YLYR [ SInb
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top partners

(Aldo’s kallk) N Ay y~2
(lLarge anomalous dimensions)



A cowncrete model

1311.6862 (see also G.Ferrebhi)
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(QQ) = SU4)/5p(4)  Higgs emerqges as a pseudo-GB

(xx) = SU(6)/5S0(6) coloured Compos&e scalars



A concrete model

Hiqqs + 1
_ spin | SU(4)xSU(6) 39

)
Q@ o | ®1 (1,1) : .

Rl Coloured
XX 0 (1,21) (1,1) Oc «
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top partner
condidatbes

2050(6) = 8() < 64/3 a 6_4/3



Coloured scalars

1607.022% 3

o MESSACGE: composite models always

conkain coloured scalars!
2050(6) = 80 D 6473 P 6_4/3
o Is it true only in specific models? NO!
OPE: OLOL:>64/3—|—... OrOr =8y + ...

o How do &hev aeupte? Model vaciepev\demﬁ?

1 1

2 2
+ap metRty +ar, mtrtn + b methtn + h.c.




Coloured scalars

o MESSACGE: composite models always

conbkain coloured scalars!

Partial aomros&euess with scalars

1607,01659

Table 1. Fundamental states
(SUc(3) SUL(2) Uy(1)|SUF(4) Uy, (3) Ug,(2)
1 O

1 O]
! Ly = Q' yoSiF1 + u' yuSiF2 + d' yaS 53

\

1

Truly UV completed (renormalisable) theory
5S> bound stakes are coloured!




Coloured scalars

1607.022% 3

At closer inspection (matching EW quantum numbers):

1 1
L= |-Du7'r6|2 — m72r6|7r6|2 + —(Dyﬂ'g)Q - _m?rg(ﬂ-8)2 — Vscala.r(ﬂ'Ga 7"8)

2 2
+ap metRty +ar, mtrtn + b methtn + h.c.
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Coloured scalars

1607.022% 3

At closer nspection (matching EW quantum nunmbers):




Interesting phenomenology

1607.022% 3

Select two (+) sign leptons
Reconstruct two SS &mps

Ruild thvariant mass
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Reconstruct sextek Fveodz
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Tops (+ DM)

o What does the EOF' have to say abouk
Dark Makber?

In composite models,
Ec:n[a Far&v\ers can deaav
fo a DM candidakbe

Momc:&op as a sEeraaEvFE,ca\L
mono-stuff DM channel




Tops (+ DM):
the VLQ case

t

0 0
SDMs VDM

0 0
SDM: VDM

L

o Top partners with non-standard decays (scalars) 1850605110

SU{4)x SU(4)

o Extra pions may be DM candidates 150%.07014 SU(4)

o Litktle-Higgs with T-Fo\r&v (vectors) 150605130



Tops (+ DM):
the VLQ case

160702080

t

0 0
SDMs VDM

Same final state
Slo)MsVIgM N as SUSY S&C}F?

[ Pomt(600,i)L [ Point (600,10)R |
| SUSY__XQSDM_ XQ-VDM
eff. SR-A ¢ 0.0108 0.0109 0.0111 0.0108* 0.0106* 0.0107*
eff. SR-B 0.0181° 0.0176* 0.0184* 0.0154 0.0152 0.0153

excl. XS [pb] [70.0169  0.0173  0.0166 | 0.0210  0.0213 0.0211 E{%E‘tﬁenaﬁes c;)ff SUSY
mass limit/SUSY XS | 631 629 633 613 611 612

mass limit /XQ XS 820 818 822 798 796 797

1—CLs 0.99 1 1 0.97 1 1 and \ILQS are V@.T”j

. . i
[ Point(600,300)L | Point (600,300)R | similar.
| SUSY XQ-SDM XQ-VDM | SUSY XQ-SDM XQ-VDM

eff. SR-A 0.00360  0.00366  0.00346 | 0.00340  0.00321  0.00315

eff. SR-B 0.00748"  0.00685*  0.00632* | 0.00597  0.00570*  0.00536*

. i
excl. XS [pb] 0.0399  0.0448 0.0480 0.0507  0.0530 0.0563 SLMPL& redas E ’
mass limit/SUSY XS | 560 551 546 541 538 533

mass limit/XQ XS 733 722 715 710 706 700
1 1

[ CLs



Tops (+ DM):
the VLQ case ...

Contours and signal region markers
CMS Limit

SUsY
SUSY with 0xg

XQ to SOM
XQ to VDM

MA CMS_13_011
Benchmark (600,10)L

0 0
SDMs VDM

. 4

Stopbchargino_HighDeltaM MET 150

Stopbchargino_LowDeitaM_MET100
Stopbchargino_LowDeltaM_MET150
Stopbchargino_LowDeltaM_MET200
Stopbchargino_LowDeltaM_MET250

StopTneutralino_LowDeltaM MET300

Recast of 1-lepton
searches (CM$S)

AV *AY *AY *AY

0,' 0*7 = O*V 0,' O‘V

600 800 1000
M; + [GeV]




Monotops (+ DM):
“s&m!vwf&ed” models

1106.6199, 1311.647%

o Minimal consistent models involve RKRH &ops
14077629

o Case 1: vector wmediakor

o Case 2: RH SEQFJ with RPV taupiihgs



Monotops (+ DM):
Vector wmediakor

Thanlk ko R.Madar and T.Megkj

vV can deta:j baclke ko a Ec:p!

D Monotop constraint

I SS Top constraint

¥ TeV searches
Monotop wins only i

BR(V — xx) > 98%

01 02 03 04 05 06 0.7 08 0.9



Monotops (+ DM):
Vector wmediakor

1611.074-63

100 120 140

Relic DM assumed!

Sor
GC excess

u,p qu&ﬂz

FERMI

100 120 140

m, [GeV]




Mownotops (+ DM):
RPV SEQF'

® 2 masses + 2 couplings

o STRATEGY: fix BR (t chi),
extract bounds on 1 coupling

A max [BR(tx) = 99%]

tobtal widkh

QCDENLO wmodel
(MadGraph@NLO)

Work [are[aara%éom wikh
A Deandrea, BFuks and H-S.Shao




Mownotops (+ DM):
RPV S&“}F’

® 2 masses + 2 couplings

o STRATEGY: fix BR (t chi),
extract bounds on 1 coupling

A max [BR(tx) = 50%]

tokal widkh

QCDENLE model
(MadGraph@NLO)

Work in prermra?:i,om wikh
A Deandrea, BFuks and H-S.Shao




Cownclusions and ocublool

The Ec;:»ro might be a window ko New ‘Phjsws

Many expmimen&ai searches and &heory
ideas

I discussed a few examples, but many more
can be explored

(it o chance to have fun!)



