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Introduction

Branching Ratio

In the SM, unnatural cancellation
between large radiative corrections and
bare mass of Higgs  high-levels of fine
tuning.

Theoretical guiding principle: avoid fine
tuning ==> Physics Beyond SM which
solves hierarchy problem

Many BSM theories introduce VLQs -
little higgs, composite higgs, extra
dimensions,

VLQ predominantly decaying via bosons
and 3™ gen quarks [arXiv:1306.4432]
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ATLAS Example

SM BG ESTIMATION

 Blinded |
Irreducible BG L until BG |
dominant: : :

calibrated to data ' m(l).del 'Sdg
in CR, MC transfer 1 va idate |
factors for SR Validation !

SM processes sub-dominant: MC check BG E
Top, V, WV, estimation in

SR
AVAVARAYZ Reducible BG VR designed to ‘
)

multijet data driven: be close to SR
matrix method,
jet smearing.

I”

BSM signal “small” compared to SM processes,

in tails of SM distributions => good control is needed.
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ATLAS Example

Systematics & Combined fit

Detector systematics:
* Jet Energy Scale (JES)
* Jet Energy Resolution (JER)
* b-tagging uncertainties
* Missing Transverse Energy soft
component

BG MC modeling uncertainties:
generator choice, PDF, renormalisation
and factorization scales, parton shower,
ISR/FSR.
Signal systematics:
ISR/FSR, parton shower, PDF,
renormalisation and factorization scales
and strong coupling ( _s) uncertainty.

§ Data/MC

uncertainty

{ CLs, p0, NBSM {

>

systematic

statistics

comaminatic;lrj

Closeness to signal region

1. if SRs overlap use
one with best expected
sensitivity,

2. if SRs are orthogonal
do statistical
combination.
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ATLAS: VLQ Pair production '« . L .

“tZ+X”, ATLAS-CONF-2017-015

Events / 25 GeV

Data / Pred.

Signal event topology: 1€+jets (21b-jet) + very large missing

transverse momentum (MET) due to the invisibly decaying Z,

Analysis technique: boosted Top and V (2 large-R jets),

Z H,W

~

\'@H
\’H-|
S

Dominant background: top production, W + jets — estimated in
control regions (CRs), and checked in Validation regions (VRs).
Dominant uncertainty: Statistical error in SR
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ATLAS: VLQ Pair production

“tZ+X”’, ATLAS-CONF-2017-015
New

£ 200E-ATLAS Preliminary i=Dala  —20
S 180F-Vs = 13 TeV, 36.1 fb” e
L 160 \ {1 W+ets x 0.70-
I tt+ -
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* Excluded large space of BR (50-60%)

combinations with mT <1.0TeV
* Exclude mT <1.17 TeV for pure Zt decay.

19.05.2015 Sophio Pataraia

g
T 7, H,W
7 7, H,W
g
t,t,b
'8_ 1_—A|TLAIS Plrelinl1inar|y | L Olbser\lledlirlnit I -
'E F{s =13 TeV, 36.1 fb" === Expected limit =
o " Limit at 95% CL [C+10 ]
X [ 1+20¢ g
O == 7T production q
10 BR(T—Zt)=100% _|
107 -
I | 1 | 1 1 1 | 1 1 1 ]
800 1000 1200 1400
m; [GeV]
I 0.9 ATLAS Preliminary D
T Vs =13TeV, 36.1 fb" 1100 O,
- | =
% Zt+X TI+ET™ 1000

+ SU(2) singlet
e SU(2) doublet

900
800
700

600

60.70.80.9 1 290

BR(T — Wb)

Observed 95% CL mass limi




ATLAS: VLQ Pair production 'y
WDb/t+X (1) aTLAS-EXOT-2016-14

« Event Topology: 1 +jets+MET, 1b + ST>1.8TeV
« Dominant Background: tt - calibrated from CR
« Analysis technique: Tagged W/top-jets, full TT

reconstruction

« Signal region categorization: boosted topology,
« Dominant uncertainty: single top/ tt interference,
top modeling, b tagging and large R jets.
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ATLAS: VLQ Pair production

Wb/t+X (1£)

S % ATiAsPolminay 4-Daa
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Observed limits
T mass < 1350 GeV are

excluded for 100% BR to W b.

B mass < 1250 GeV are
excluded for 100% BR to Wk.
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New

No dedicated optimization for B but
analysis found to be sensitive.
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CMS: Pair production

of TT(YY) WbWb (1€) New
CMS-B2G-17-003 o semssaw

- Event Topology: 10 + > 4/3jets with 1 fatjet & [ o ommay L
(W-tagged)+ST>1TeV (ST = £ + MET +JETs) =} , CANAIET Sher backgrounds
» Analysis technique: Kinematic fit: 2 Mw, of . 10 x TT (1300 GeV)
2Mvlq, using b-jet and ST info, - '
« Dominant BG: top production, W+JETs — a0
estimated using MC, BG estimation is cross i
checked in CR =
 Dominant uncertainty: Jet energy scale, .k
MC modeling B osk
e 35.6(e), 35.8 (u) o™ (13 TeV) é% 0
£ [ oMSs Preliminary T et T <l s s M e« |
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ATLAS: VLQ Pair production . /|
tH(bb)+X (0t+jets+MET/1¢{) e

ATLAS-CONF-2016-104 i

_.@ 107 1T T T T 1 ] I ] 1T T T T _T T T T T I _El
. . c ——Data 3
« Event Topology: 0 +jets+MET/1 (2b-jet) g ATLAS Prelmiary U lightjers
« Dominant Background: tt+jets, Single Top, and 107 o reh regions -tl\fl+§tf1b E
V+jets - estimated from CRs _ _ _ 10°E Postfit Bkg-only)  ATC Bkgune.
« Analysis technique: Tagged H/top-jets with subjets e AL oL -
(2), 10
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ATLAS: VLQ Pair production
tH(bb)+X (0f,1f) atLAS-cONF-2016-104 -

E 7 + Data
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CMS: Single VLT production
“tZ(I1)+X”, CMS-B2G-17-007

 Event Topology: {{+jets (=1b) New 1591 (016, 13 Tow 159" 2016, 13 Tew

« Dominant Background: Z+jets - Sy |ER i | & ity i
. . . . L . VYV (V=ZorW) L s VW (V=70 W
estimation from a CR with b-jet veto 1oy Partiallys — pamintozonw oo MM Merged | manint Lo
. . ) pimerged  SETCSTATRG s A T opget
d AnaIyS|S tQChanue- Z(EE) reC, t- and 10 N(forward jets) > 0 Z '
W-jet taggin :
« Signal region categorization: number . aw (
of forward jets, merged/partial-merged 3
and resolved final states (in total 9 cat). .5 = |
= = gt . S 055" 800 1000 1200 1400 05t \ ! ‘ ‘ { ! '
 Dominant uncertainty: statistics in CR e e [GSV]
) 35.9 fb (2016, 13 TeV) .
= CMS Sif fb :j {201 6’ 13 TeV) E_ i CMS —— Observed —_— w?dthfmass: 10% A Slnglet LH T(b)
% 10§_Preﬁmjnary — SED:? eXPecteg E Preﬁmfnary : (E:I_pg;:,ti{ijngletT(b) “- x::::ﬁz:zzgg:: eXCIUded beIOW 135
o F 7 Sk % expecte —
E K G(NLO),pC(bW):O.S. B(tZ)=0.25 ? 12 to 1 45 Tev fOr the
Tl widthimass =0 | o [ width of 10 - 30%.
e E — B
[ C L
g & PR, e A doublet RH T(t)
Cof R S —— excluded below 0.85
- i [ to 0.95 TeV for widths
?..|I||||I||||I||||I||||I||||I||||I||||I||||I||||I I....I....I....I....I....I....I....I....I....I Of10_30%(p|0tsn0t
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CMS: Pair production
of X5/3 W+t(bW+)

CMS-B2G-16-009

 Event Topology: SS ¥{+=5 (jets+other

leptons), HT lep > 1200 GeV,

New

 Dominant Background: Prompt leptons from MC
(VV, VWV, tV, ttVV), charge mis-id leptons and non-
prompt/fake leptons fully data driven

 Dominant uncertainty: 30% for the charge mis-id
and a 50% on the the fake lepton background, MC

Modeli
odeling.
Left Handed X, CMS Preliminary, 359!b (13 TeV)
- _""\""I""I""\""I""I ........ 3
— E 3
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CMS Preliminary 359 b (13 TeV)
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The observed limits are
placed on the X5/3 mass of
1.16 TeV for a right handed
X5/3 and 1.10 TeV for a left
handed X5/3.
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CMS: Pair production

of X5/3 W+t (1) x
CMS-B2G-17-008 '

5000 =
- CMS — Xy Kgn LH (0.9 TeV) x120 [ QCD

Event TOpO|Ogy 1£ + > 4JetS (>1 b'Jet) + MET :P""{"'"B'J' ---Xm)_(s,,RH(1-.2TeV]x120.EWK

4000

Q

E_ W unce

 Dominant Background: tt, W+JETs — estimated Sob ) SR s § oo

using MC, BG estimation is cross checked in multiple s e

VRs defined with 0.4 < DR(4, jet2) < 1.0 and binned mmoé_

in b-jet, W tag multiplicities.
« Signal region categorization: 16 cat. based on 9 %

. . hle OF

lepton flavor, b-tagged jets (1, 2), W/t-tagged jets g = : ' --l

(0, 1) multiplicities L . T
« Dominant uncertainty: Jet energy scale, MC ooy
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|>$_,>_ ##i Signal cross section |><E | Bl Signal cross section ‘21 000 i_ ©S 21b, 23]
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X5/3 masses with right-handed (left-handed)

couplings below 1.32 (1.30) TeV are excluded
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Conclusions
* Very diverse searches for VLQ and Top partners at LHC: tH, Wb, tZ,
tWw, ...

e Covering all Top/H/Z/\W decays, full hadronic, semi-leptonic,
dileptonic

« Background with not fully reconstructed SM events (e.g. objects out
of acceptance or wrong ID) and/or with fake/non-prompt objects,

* Most relevant ingredients needed for the searches:
« good theory modeling in all corners/tails
« Efficient and robust Top/W/Z/H/ reconstruction for all topologies

e good and robust b-jet identification

2017 data-taking starts in few days, search for top
partners is still preferred new physics!
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