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ij BSM and &:-F?
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ka BSM and &:-P?

o The &wp qu,artf ts the heaviest khnowin
(elementary) particle

35.9-137 fb™' (13 TeV
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Leptons and neutrinos Quarks

T R Only fermion with 0(1) couplings
el V|- d]| s | b to the Higqs boson (EWSB).

Force carriers Higgs boson

niiin ©

Mu sk pi.wj a role in BSM pkjsws
addressing the EWSB mechanism!

Ratio to SM
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Why BSM and top?

o “Carneade! Chi era coskul?”

o Who is, reai.i.j, the Eca-p?

Is the Eop Just an c)rd:',v\acrj
qu,m‘hf?

What is the nature of the top?
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C}H/\@f ‘{:Q.'I“ME«OMSL? chapter VIil

ij so nmuch heavier than the

What is hiding behind the top?



Why BSM and top?

o “Carneade! Chi era coskui?”

o Who is, reattj, the Ec;-p?

Summary of the talk:

1) Tell we what you decay into, and
I kell you who you are!

2) Coupling therapy: how does it
couple to the rest of the SM?

chapter VIII

3) Better alone, or in “bad” Cmmpamv?
What comes along the top quark?



1) Rare top decays

The current skakus Lloolks atreadv impressive:

ATLAS+CMS Preliminary September 2019 ATLAS+CMS Preliminary September 2019
LHC tOpWG Each limit assumes that all other processes are zero.

LHC tOpWG Each limit assumes that all other processes are zero.
BR t—) HC ATLAS limits on t— vy q are valid for the case of a purely LH coupling. BR t—) C BR t—) HU ATLAS limits on t— v q are valid for the case of a purely LH coupling. BR t—) u
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1) Rare top decays

What improvemenﬁs in the near future?

ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS
LHCtopWG [1] JHEP 05 (2019) 123 [2] JHEP 02 (2017) 079
[3] JHEP 06 (2018) 102 [4] arXiv:1908.08461 (LH only)
September 2019 [5] JHEP 04 (2016) 035 [6] EPJC 76 (2016) 55
[7] JHEP 02 (2017) 028 [8] JHEP 07 (2018) 176
Each limit assumes that [9] CMS-PAS-TOP-17-017 [10] JHEP 07 (2017) 003
all other processes are zero Theory predictions = SM 2HDM(FV) [E2HDM(FC)
from arXiv:1311.2028 [JMSSM[7JRPV ERS
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Combinations of different
chaninels?

BSM model expeze&a&ioms need ko
be upci&&ed to current bounds!

‘D@.co\t}s into Light BSM states can
be included!




1) Rare top decays

b -> w/c a, where "a” is a light pseudo-scalar
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1) Rare top decays

bt -» u/c a, where "a” is a Light Pseudc:-*saatar

Light composite pNGB
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1) Rare top decays
b -> w/c a, where "a” is a light pseudo-scalar
Dominant final stakes:

7 v ; all masses

t—wu/ca—< Jbb; my <myg

jZ”Y, Mqe > Mz

Note: different final states can distinguish
the models behind the singlet a!



2) Top EW couplings

o EW couplings crucial to id the top as an elementary quarlk,
Like the others.

ATLAS+CMS Preliminary
LHCtopWG

: o, =059 (scale) +0.01(PDF) pb

otiw -0.10
- Eur. Phys. J. C 80 (2020) 428

:  NLO(QCD+EW)+NNLL
Omeas. T (Stat.) = (syst.)
0.87 £0.13+0.14 pb
W

+0.12 +0.13
0.77 %41 012 PP

1.05 +0.05 + 0.09 pb
ftZ

0.95 +0.05 £ 0.06 pb

fty 059+001+0.03pb

S Eur. Phys. J. C 80 (2020) 428 :
: NLO(QCD+EW)+NNLL : NLOQCD

Vs = 13 TeV, September 2020

i ;=086 (scale) £ 0.02(PDF) pb { o, =0.56:+0.10(tot) pb

ttz 0
:  Phys. Rev. D 83 (2011) 074013

total  stat

—

ATLAS, L_=36.1 fo
Phys. Rev. D 99 (2019) 072009

CMS, L _=36.1fb"
JHEP 08 (2018) 011

ATLAS, L =139 b
ATLAS-CONF-2020-028

CMS, L_=77.51b"
JHEP 03 (2020) 056

ATLAS, L =36.1 fio!

pT(y) > 20 GeV
Eur. Phys. J. C 79 (2019) 382

tEZ s Ehe c,w\,t:j aACCess

to the Z couplings
we have so far.



2) TOF? £ W Cauptévxgs

o Couplings to the Higgs test the role played by the top in the
generation of mass (EWSR)

¢ Data
H— ZZ* — 4| W ggF+bbH I ZZ
Vs=13TeV, 139" VBF XX, VWV
115 < m,, < 130 GeV VH W Z+jets, tt
= M tH+tH % Uncertainty

Ex: ATLAS w. H => 4l (r004.03447)

Events/10 GeV

Direct probe of the top Yulawa

More statistics allows to probe tails for
New Physics

0 20 40 60 80 100120140160 180200

'[GeV
ATLAS + BestFit ,D‘;[ Vv

------ Observed 68% CL
*
H—ZZ" - 4l Observed 95% CL ATLAS ¢ Data
H— ZZ* - 4l Wi goF+bbH MZZ
Vs=13TeV, 1391b" VBF XX, VWV
115 < m,, < 130 GeV VH M Z+jets, tt
2

WtH+tH  Z Uncertainty

Vs =13 TeV, 139 fb™ *  SM value

>

[}

O]

o

; AN
Best fit p-value = 0.75 B
—
o
()
>
L

300 350
p‘;' [GeV]




2) TOF? EW Cauptévxgs

o Couplings to the Higgs test the role played by the top in the
generation of mass (EWSR)

2 «cmupliﬂg crucial i

S =14 TeV

composite Higgs models:
it emerqges from non-linearities

13m,2lh3_ct 1 my

me — _
L D —yTtth — I‘Cﬁ » iv—Qtthh

Note: gq-rhh also received other
News ‘kasi,as conkributions!

1906.03772



p = 2.0 + 0.4(stat) ¥} (syst) = 2.0 702

CMS offers some = owmsers e
itnker Fre&aﬁams:

ex: indirect bound on
Fhe Eop Yulkawa
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2) Four tops

in c:om?c:-si&& Higgs models with Eop Fmr&iai. tamlzzos&ehess
scalar octets are ubiquitous (and exotic sextets possible).

(see 1507.022%3)
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o
&

q1 -08 -06 04 -02 0 02 04 06 0.8

cosH,




3) the company of the
top?

o SUSY stops (and tt + MET) well covered

CMS preiiminary 137 fb CMS preliminary 137 fb
pp =TT, T, > t %, pp — T, T, T, = b¥, = bW'%,
Approx. NNLO+NNLL exclusion Approx. NNLO+NNLL exclusion
—Observed = 10 —Observed =+ 10
EE EXpeCted = 1 0experiment - EXpeCted * 1 Odexperiment
--= Expected 0l Expected 2l == Expected Ol me. = (M +m.,)/2

, Expected 1| ‘ oM
Expected 1l -+= Expected corridor

theory theory

—
—

C
O
e

O

b}

n

(V)]

n

o

} -

o

C

o
=
=

-

2 ©
()

()

>

_
@)
X
o)
o)

—_
(@)
o

—
o
b
—h
<
w

95% CL upper limit on cross section (pb

—_
S
N
—_
S
N

800 1000 1200 1400
m. (GeV)

600 800

o With proper rescaling, applies to fermionic partners
see 160702060



3) the company of the
top?

o SUSY stops (and bt + MET) well covered

CMS Preliminary 137 b (13 TeV) CMS Preliminary 137 fb' (13 TeV)
I I

Scalar mediator, Dirac DM, m, = 1 GeV

Pseudoscalar mediator, Dirac DM, my =1 GeV
g, = 1, 9 = 1, pp — tixX LO

gq=1,gDM=1,pp—>ttxxLO
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3) the company of the
top?

o aom[ac;)si&e EOP par&ners: non-skandard decajs

see 1¥03,00021

T —ta |a— gg]

BR(a — gg) = 100%, BR(a — bb) = 0% CONTUR
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RPV@8TeV
ExTop@13TeV
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3) the company of the
top?

o compcsi&e EOF? Par&mers: non-skandard def:ajs

BR(a — gg) = 0%, BR(a — bb) = 100%

T —ta |a— bb
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TQF? BSM qu@.s%mms

(b@jm»\ci EFT)

TOF? deatavs to non-SM Light states.

Cann SM cross seckions conskrain EC}P
par&v\ers? FE+XX...

Mu&imﬁop proc{u«c&mn im&erpre&a&&amsz are we
being complete and inclusive?

Amj conneckion bebween &op and L@.P&OM
universality violation? (RK)



