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Tons of top quarks produced at the LHC! Search for new
signatures of new physics in the tt mass spectrum
@ Leptophobic Z/(TC2)' resonance, widths I'/m = 1.2,2 and 3%
@ Kaluza-Klein gluon gxx?: width /m = 15.3%
@ Kaluza-Klein graviton GKK2
@ singlet scalar®
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Status of tt Resonance Searches in ATLAS

@ Boosted and resolved tt lepton + jets channel

e 13 TeV CONF Note%
e 8 TeV JHEPO8 (2015) 148

@ all-hadronic at 7 TeV JHEP 1301 (2013) 116
@ di-lepton at 7 TeV Eur.Phys.J. C72 (2012) 2083
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http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_feynman_diagrams.html
https://cds.cern.ch/record/2141001/files/ATLAS-CONF-2016-014.pdf
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Lepton + Jets - Topology

@ lepton trigger, == 1 lepton (with pr-dependent isolation)
Y E;_)‘II'SS E;piss 4 m¥v

@ Aiming for two topologies: boosted and resolved

@ Large-R jet for boosted, > 4 small-R jets for resolved
@ 1 or more b-tagged small-R jets

@ Remove overlap between leptons and small-R jets

vy
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Lepton + Jets - Boosted Selection 8 TeV

@ Hadronic top products well separated
from leptonic top products

@ Lepton requirement achieves great

L bq F 195
reduction in QCD background oo Lo Lo
. 1 q
@ Substructure cuts further reduce W+jets !
background, keeping a high top-tagging
efficiency
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Lepton + Jets - Resolved Selection

@ Events failing the boosted selection are required to pass the resolved
selection — enforces orthogonality

@ > 4 anti-k; R=0.4 jets, > 1 b-tag.
(] /Og10(X2) <0.9
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Lepton + Jets - Background Estimation

@ Normalization factors for W

Resolved-topology selection

charge asymmetry: at the LHC Type ejets rjets Sum
4 . it |93.l|lll| + 11,000 91,000 £+ 11,000 184,000 £ 22,000 |
more W +jetS than W +JetS Single top 3,800 £ 500 3,800 £ 500 7,600 £ 1,000
Al 274 £ 40 267 £ 40 511 £ 80
— Multijet e 5,300 £ 1,100 - 5,300 £ 1,100
Nw+ + Ny+ = (r"”071 >(D* - D%) Multi-jet 2 T.050 £ 240 1,050 £ 240
mc W tjots 76,600 + 800 7,100 + 800 13,700 + 1,500 |
Ztjets 1,00 £ 750 650 + 310 2,000 £ 1,080
" . L. . Dibosons 320 £ 120 310 £ 120 620 £ 240
@ Multijet estimate from efficiencies T 110,000 £ 12,000 105,000 + 12,000 215,000 £ 24,000
for lept d db t Data 111,377 108,053 223,330
or ep ons pro uce y promp Boosted-topology selection
and non-prompt sources Type e+jets Jitets Sum
tt | 4,100 + 600 4,000 £ 600 8,100 + 1,200 |
[P 7 Single top 38 + 20 51 £ 20 290 £ 10
@ resolved selection: 184000 ¢t e e e T
i Multi-jet e 9l + 18 0l £ 18
candidates . _ Multi-jet 1 - 86 £ 1.6 86 £ 1.6
boosted selection: 8100 tt Wjets 260 £ 50 200 + 50 550 + 100 |
. Z+jets 31 £ 16 17 £ 9 48 £+ 25
candidates Dibosons 21 £ 8 0 £ 8 0 £
Total 1700 £ 600 1500 £ 600 0,200 £ 1,200
Data 1,148 1,068 8,206
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Lepton + Jets -

Resolved selection Boosted selection

yield impact [%)] yield impact [%)]

Systematic Uncertainties total bkg. ‘ V4 total bkg. | z'

o i H Luminosity 2.5 2.8 2.6 2.8

Modeling of signal or _ L 25 2 20 28

background systematics ISR/FSR 3.7 - 12 -

: : . Parton shower and fragmentation 4.8 — 1.5 —

important in both regimes T normalisation 55 - 55 -

. tt EW virtual correction 0.2 — 0.5 —

@ Boosted: large-R jet 7 generator 03— 26| -

. tt top quark mass 0.6 — 1.4 —

JES+JMS and b-tagging TV joks generator N O

i e Multi-jet normalisation, e+jets 0.5 — 0.2 —

b Jet effICIenCy Multi-jet normalisation, p+jets 0.1 — < 0.1 —

y . . JES+JMS, large-radius jets 0.1 2.1 | 9.7] 2.8

@ Z uncertainty dominated by —er-ivim. frge-radis jets <01 05 TO [ 02

" H _ : JES, small-radius jets | 5.6 2.6 0.4 1.4

b tag hlgh pr eXtrapOIatlon JER, small-radius jets 1.8 1.4 < 0.1 0.2

uncerta|nty Jet vertex fraction 0.8 0.8 02 ] <01
b-tagging b-jet efficiency 1.1 2.0 2.9 17.1]

. _ b-tagging c-jet efficiency 0.1 0.7 0.1 2.1

° ReSO|ved' JES for Sma” R b-tagging light-jet efficiency <01 | <0.1 0.5 0.2

Jets Electron efficiency 0.3 0.6 0.6 1.3

Muon efficiency 0.9 1.0 1.0 1.1

MC statistical uncertainty 0.4 6.0 1.3 1.8

All systematic uncertainties 10.8 I 8.8 I 13.4 | 18.0
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Results |

@ Twelve my; spectra used:
@ three b-tag categories (b-tag leptonic top, b-tag hadronic top, tag both)
@ resolved and boosted
@ u,e
@ Search performance in combinations of spectra: 6 channel of
resolved, 6 channels of boosted, and 12 channels of combined
@ Data and expected bkg distributions compared using BumpHunter

@ No significant deviations from expected bkg — 95% C.L. limits on
ox BR
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Results Il
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= 1 ATLAS Obs. 95% CL upper limit = L ATLAS Obs. 95% CL upper limit
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T B Exp. 16 uncertainty 1 E P PP
N 102 Exp. 2 ¢ uncertainty ¥ F I Exp. 10 uncertainty
[ o -\ Leptophobic Z'(1.2%) (LO x 1.3) 2 10 . Exp. 2 o uncertainty
€ -\\\, — — Leptophobic Z'(2%) (LO x 1.3) x R Kaluza-Klein gluon (LO)
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© DN 5
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Z mass [TeV] 9, Mass [TeV]

95% C.L. excluded rate:
@ Z'(1.2%): from 4.2 pb at mz = 0.4 TeV to 0.03 pb at mz = 3 TeV
@ gkxk: from 4.8 pb at mg,, = 0.4 TeV to 0.09 pb at mg,, =3 TeV

95% C.L. excluded mass ranges:
@ Z'(1.2%): masses < 1.8 TeV
@ gkk: masses < 2.2 TeV
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Results 1l

----- Kaluza-Klein graviton Exp. 2 ¢ uncertainty
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95% C.L. excluded rate:

@ Gkk::from25pbatm=0.4TeVto0.03pbatm=25TeV
@ scalar: from 3.0 pb at m= 0.4 TeV to 0.03 pb at m = 2.5 TeV

1 1 1
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scalar resonance mass [TeV]

95% C.L. excluded mass ranges:
@ Gyi: No mass excluded in the benchmark scenario
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Selection 8 TeV vs. 13 TeV

@ Repeated ft lepton+jets (boosted) resonance search with 13 TeV data

@ Improved b-tagging algorithm

@ Use of track jets b-tagging — higher efficiency at heavier masses
@ Changed top tagging from 1/di2 to 732 — higher background rejection
@ New top tagger has flatter efficiency as a function of m;z and top pr
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Preliminary Results at 13

%, ? ATLAS !{’reliminlary ' —‘o— Igmal i i ‘E
0] F s=13Tev,321b" — “W+je(s ] §103 [ T T T T T T T
S 10 ;ZJ:".SFK - single top = = ;ATLAS Preliminary  _ o oorveq o5 cL imit 3
E =3 Z+jets 3 = . 3
f £ = g;ggls Ler: 3 1 F Vs=13TeV,3.2fb" «weeent Expected 95% CL limit ]
P 100k Bkg. uncertainty = N 10° E I Exp. 16 uncertainty 3
5 E E T E R Exp. 2 ¢ uncertainty 3
Lﬁ 102 - EE 10 Zoa(T/m=12%) (LO x 1.3) _]
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10 E e E
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@ Rate limits: 300-0.05 pb for Z’ masses 0.4 - 5 TeV
@ Mass limits: 0.7 > mz > 2.0 TeV
@ Increase in oz allows for competitive mass limits with 8 TeV search
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tt Searches in the Fully Hadronic Channel

@ Boosted techniques allow for search in the all-hadronic channel

@ Need very high rejection — used HEPTopTagger and Top Template
Tagger

@ Multijet background extracted from data
@ Exclusion of Z’ masses between 0.70 < mz < 1.0

g
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tt Searches in the Dileptonic Channel

@ Search performed with 2.05 pb~" at 7 TeV

@ Uses sum transverse momentum of all objects (Hr) + missing
transverse energy (E7"*°) as discriminating variables

@ Main background Z+jets: scale factors determined from data control
region
@ Z' masses below 1 TeV excluded
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@ Presented status of the ATLAS tt resonance searches

@ Searches in the lepton+jets channel offer the most competitive
limits

@ tt resonance searches have been performed additionally in
dileptonic and all-hadronic decay channels

@ No significant deviations from the Standard Model observed

@ With only 3.2 fb~' of integrated luminosity, the 13 TeV search
has competitive mass limits with 8 TeV search
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b-tagging in ATLAS: from MV1 to MV2

@ |IP2D, IP3D: use impact parameter significance of
tracks matched to jet.

@ SV: Secondary vertex algorithm: explicitly
reconstruct an inclusive displaced secondary
vertex within the jet

@ The decay chain multi-vertex reconstruction
algorithm, JetFitter used the topological structure
of weak b- and c-hadron decays and reconstructs
the full PV — b — c-hadron decay chain.

@ MV2 constitutes a significant revision of the main
Run1 b-tagging algorithm (MV1):

@ MV1 was based on neural network, MV2
uses BDT.

e New approach not only improves
performance, but also add significant
simplification

David Sosa ATLAS tt Resonance Searches
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Lepton + Jets - Boosted Selection 13 TeV

@ Hadronic top products well separated
from leptonic top products

@ Lepton requirement achieves great by
reduction in QCD background "

@ Substructure cuts further reduce W+jets
background, keeping a high top-tagging

efficiency
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MV2+c20

@ c20: training with b-jets as signal, and mixture of 80% light
jets and 20% c-jets
@ c00, c10 also available
@ MV2c20 increases significantly c-jet rejection, with
practically no decrease in light-jet rejection
ATL-PHYS-PUB-2015-022
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https://cds.cern.ch/record/2037697

Run2 MV2c20 vs. Run 1 MV1c

@ MV1c: Optimized for c-jet rejection
@ MV2c20 at 70% :
4x increase in light-jet rejection
1.6x increase in c-jet rejection

ATL-PHYS-PUB-2015-022
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Figure 11: The light (a) and c-jet rejection (b) versus b-jet efficiency for the MV1c b-tagging algo-
rithm using the Run-1 detector and reconstruction software (blue) compared to the MV2¢20 b-tagging
algorithm using the Run-2 setup (red).
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Top Tagging

@ Top tagging at 8 TeV: pr > 300 GeV (380 GeV for muon-plus-jets
selected by the large-radius-jet trigger), mj; 100 GeV and /a2
40 GeV

@ Vdi» mln()

@ Top tagging at 13 TeV: pr > 300 GeV mjg > 100 GeV and
N-subjettiness ratio 732
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electron-in-jet overlap removal

A‘TLA‘S S‘imu‘laiic‘n Pr‘elimi‘nary‘ !
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—e+jets
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o]

Eff x Acc x BR(ti-> e/ui+jets) [%)]
1
Acceptance x Efficiency [%]
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@ For 8 TeV: electrori® Efﬁd small jets considered for overlap removal
if the cluster associated with the electron is within R=0.4 Jets
have their momentum and JVT after subtracting the electron
4-mom and removed if they don’t pass the selection criteria. If AR
between electron and recalculated jet is < 0.2. remove electron

and its 4 mom is added to the jet.

@ For 13 TeV: if any selected small-R jets has
R(electron; jet) < 0.2, the jet is rejected. After this first overlap
removal, if an electron is found to be close to a jet such that
R(electron; jet) < 0.4, the electron is rejected
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Acceptance Comparison 8 TeV
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Lepton + Jets - Event Selection

Leptons
@ ==1 e, u, lepton trigger and lepton trigger Mho = > plack
matching racks
e e, 1, isolation: Mho/Er < 0.05 for all tracks within AR < 10g<V
Jets

@ Small-R jets: anti-k; R=0.4, pr > 25GeV,|n| < 2.5
@ Large-R jets: trimmed anti-k; R=1.0, pr > 300GeV,|n| < 2.0

- in .
b-tagging N @ EMss > 20GeV and
@ # b-jets at 70% efficiency > 1 Emiss 4 mW > 60GeV

Overlap in identification possible — remove duplication

Electrons and small-R Jets
@ If AR(ecuster, jet) < 0.4, subtract electron 4-momentum from jet
@ If AR(eguster, recalculated jet) < 0.2, remove electron
Muons
H 10GeV
® If AR(p, jet) <0.04 + =2
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