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Why top quarks?

* Jop quarks are heavy —> Very large
Yukawa coupling

Many scenarios for beyond the Standard
Model physics predict enhanced couplings
to third generation quarks, non-SUSY
examples:

heavy mediators H A /', W', gkk, Gkk)

. top partners ( Vector—hke quarks see
Romain Kukla’s talk) >
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“Jet substructure as a new Higgs

search channel at the LHC”
Phys.Rev.Lett. 100 (2008) 242001

“Targe-R jet
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Search for tt resonances in the
lepton + |jets channel @ 13 TeV

~ missing transverse
momentum

- 1large-R jet \ \
~ (trimmed anti- ‘
ki-R="E0;

1 b-tagged Jet
ATLAS-CONFE-2016-014 ’ il

pT>300 GeV),
top-tagged
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-014/

Search for tt resonances in the
lepton + |ets channel @ 13 TeV
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Top pair mass
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Systematics and limits for Z'—x>tt

Pre-fit impact on p:
0,=+A0 0,=-A6

Post-fit impact on u:
1 60=+A§ 60=-A§

—e— Nuis. Param. Pull

£~ Targe:

Luminosity

b-tagging light EV 0 high pt
Multi-jet (e)

tt prod. cross section
b-tagging ¢ EV 0 high pt
b-tagging light EV 0 low pt
b-tagging light EV 0 med. pt
Muon trigger eff. stat. unc.
b-tagging ¢ EV 0O low pt
b-tagging eff. EV 0

Muon identification eff. syst. unc.
b-tagging ¢ EV 0 med. pt
PDF EV S

Muon isolation eff. syst unc.
tt electroweak correction
b-taggingc EV 1

Electron isolation efficiency
Small-R Jet Energy Scale 1

' A
-0.2-0.15 -0.1 -0.05 & 0.05 0.1 0.15 0.2

Jet cross calibration

Large-R jet run 1 extrapolation §
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* piggest uncertainties due to
large R |et scale uncertainties

e 0.7 <mz < 2.0 TeV excluded

at 95% C.L.
ATLAS-CONF-2016-014
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H/A >.I:.[ @8 Tev Phys. Rev. Lett. 119 (2017) 191803

+ 2HDM Type II: heavy pseudo/| |
scalar A/H —> tt =

e Interferes with SM tt production

> 8 ™ ™11 TTTT T™TT7 ™11
. PR . (o) C -S . . ]
(same initial and final states) O gf — ¢ o o
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https://link.springer.com/article/10.1007/JHEP08(2015)148
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.191803
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H/A >'tt ReSu H:S o Phys.Rev. Lett. 119 (2017) 191803

e Resolved selection:
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W’ to tb resonances @ 8 TeV

» Leptophobic W’ to tb

Boosted all hadronic with substructure

based top taggmg
e |+]ets
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Exclusion:

My < 1.68 TeV
Myr < 1.76 TeV!

My < 1.7 TeV

Muyr < 1.92 TeV

~all hadronic

' 1 lepton


https://link.springer.com/article/10.1140/epjc/s10052-015-3372-2
https://link.springer.com/article/10.1140/epjc/s10052-015-3372-2

Intermission: Shower deconstruction

Phys. Rev. D 84 (2011) 074002 Phys. Rev. D 87 (2013) 054012

 Make subjets from large R jets
 Assume each subjet comes from a certain particle

e (Calculate probability of particle-subjet association using QCD
principles

* Repeat for all possibilities and with signal® and background

hypothesis 5 erm P({P*} [top-quark jet)

2perm P({ pf.‘ }Hgluon/light-quark jet)

kvy —
* Single analytic function: xsp({pi}) =

-e—__l III||||||IIIIIIIIIIIIIIIIIIIII
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ATLAS-CONE-2014-003 10 * Signal can be any hadronic decay (top, W, H,...)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-003/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.074002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.054012

SD Update for high pr &

» So far used SD with C/A R=0.2 subjets, good proxies for
partons with AR>0.2

e SD needs nsupjet=3 to work (i.e. for three top decay partons)
ATLAS CONF 2017 082

ound rejection
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Signal efficiency Signal efficiency Signal efficiency

 New: At large pr use exclusively k1" clustered jets

* Provides more nsubiet=3 large input jets to SD
—> Larger efticiency at high pr.

11 *Eur. Phys. J. C 72 (2012) 1896



https://link.springer.com/article/10.1140/epjc/s10052-012-1896-2
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-082/

W’ to tbh @13 TeV

* Trigger: 1 small-R jet, p1>420 GeV

_arge-R jets: trimmed anti-ki R=1.0
jet, p1>420 GeV

Pick large-R jet with highest
Mieading small-R: AR<1.0 + 0.15 Miarge-R
Top tag via Shower Deconstruction

o eff = 50% —> rejection = 80

e eoff = 80% —> rejection = 25

e Test SD in lep+jet tt events
b-tagging: 77% ett., MVA-based
b-jet candidate = highest pr
small-R jet, AR>2.0 from large-R

Split in 1 and 0 “b-tag-in”, i.e. within/
not within AR=1.0 of top jet
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ATLAS-CONF-2017-082 {_0 btag in category J
QCD Estimate
* Estimate QCD multijet (and a few
V+jet) events from tt subtracted

data in control regions:
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Uncertainties and fit to data &

Profile LLH fit to data
Systematic uncertainties are constraint

Main uncertainties: QCD-estimate and b-tagging, statistically
dominated for myp> 2 TeV

ATLAS-CONFE-2017-082
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| imits on W —>tb &
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Reminders:
e Best Run 1 W—>tb Iimit

was just below 2 TeV!
c W—>e/uv @ 5 TeV, but

not sensitive to W'r
arXiv:1706.04786 [hep-ex] 15

102

ATLAS-CONFE-2017-082

Observed 95% CL
limits, exclude:

e My < 2.95 TeV
* MwR < 2.98 TeV

ATLAS Prellmlnary Observed 95% CL limit
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NLO W' cross section (ZTOP)

WL

—
\
e — — —

N, Vs=13TeV, 36.1 b

1000 1500 2000 2500 3000 3500 4000 4500 5000

@GeV]


https://arxiv.org/abs/1706.04786
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-082/

Conclusions

No sign of new heavy resonances decaying to top

guarks

Leptophobic Z' excluded up to 2 TeV with a subset

of the Run2 data

Inclusion of interference effects in search for scalar

Significant improvement of limit
on W' mass compared to Run 1

More data and improved
analysis strategies will push the
[imits further and will hopefully
reveal signs of new physics!

Background rejection
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Sequential jet clustering algorithms

 Use clusters of calorimeter energy as input “particles”
(also tracks or truth particles can be used) ONE-JET.C

* Distance:
dij=min(pri??, pri*P) ARi;?/R

e algo:
find pair with smallest d;
if di; > dig = pT1i?P —> 1 is already a jet, remove it

else —> merge 1,] = ‘*’
repeat until all particles are clustered into a jet I n ““SAFE 4
* parameters: —

 R: geometrical separation, “radius parameter”, not a radius!
* p: energy vs geometry, 2=k ; 0=C/A ; -2=anti-ki

- e
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lake home message:
= Soft first

= closest first
anti ki = hard first

Towards Jetography, G. Salam, Eur.Phys.J. C67 (2010)
19




JHEP 02 (2010) 084

Tr|mm|ng

e pile up
—> large R jets pick up more “junk

¢ “grooming” algorithms
—> clean the large R jet

* one example, “trimming”:

femove
prSY/priet< feut

~ find subjets,

Rs"b<R | 20 ATLAS: Rsup=0.2, four = 0.05



Jetmass - (ZE)(T

| = all cluster
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< - ATLAS Preliminary - Simulation )
> 0.14[ antik, LCW jets with R=1.0, 600 < p'"' <800 GeV
] = Rp— No jet grooming applied Z'— ti (m_=1.6TeV) .
+= 0.1 2_— ------------ No jet grooming applied Dijets (POWHEG+Pythia) —
2 Trimmed (f_=0.05,R_=0.3) Z—ti(m =1.6 TeV) .

Trimmed (f_=0.05, R_,=0.3) Dijets (POWHEG+Pythia)

:Untrimmed:

Jllllllllllllllllll

P T e
00 50 100 150 200 250 300 350 400

21 Jet mass [GeV]




T T
- ATLAS Preliminary - Simulation
anti-k, LCW jets with R=1.0, 600 = p}' <800 GeV

* No jet grooming applied Z— o .
------------ No jet grooming applied Dijets (POWHEG+Pythia)
Trimmed (f_ =005, R_ =0.3) Z-» g ]
Trimmed (f_ =0.05, R_ =0.3) Dijets (POWHEG+Pythia)

Z—>qa VS QCQ

* 0.04
d), = mm(PT,h PT,z)ARu 003

Example: Z —>qq: oo :
OSymmetriC two—body decay: 055640 60 80 100130140 150180500
both subjets apart and of similar pr—> large d+2 Ve [GeV]

o[-or top decay: go back one more step: dos

22




N-SuU bJ e'l:'tl Ness JHEP 03 (2011) 015

C AR k)

(dR(3.k) p1(k) x min(dR(1,k),

., dR(n,k))

r3/t2 separates 3 and 2 subjets
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2 variable ATLAS top tagger

ATL-PHYS-PUB-2015-053
l ' 1 1 1 I ' L ' 1 ] 1 1 L ' l || 1 1 1

ATLAS Preliminary_
Simulation .
200 GeV<p. <500 GeV

' ] 1 1 1 )

T32, 21

Q. v/ das

QW) 121

21, \/@
Qw, Taz

132, \/@
21, \/@
Qw: v/ 2
Va3, /2

calib
21, mjet

\/_ mcallb

calib
Qw mm

"/_ m calib

calib
32 mm

T32, V Uy2

- 50% signal efficiency |

- 80% signal efﬂclency:

I 1 1 1 1 I | | 1 1

0 5 10 15 20 25 30
Background rejection

e Check combinations of 2 variables

* Compare background rejection at 50% 80% signal efficiency

Pick best combination:  mjet & 75,
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W’ to tb resonances @ 8 TeV

Leptophobic W' to tb

Boosted all hadronic w/ substructure
based top tagging

|+]ets
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https://link.springer.com/article/10.1140/epjc/s10052-015-3372-2
http://www.sciencedirect.com/science/article/pii/S0370269315001422

W’ to tb limits @8 TeV

Tested right- and left-handed coupling hypotheses, results very similar.
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https://link.springer.com/article/10.1140/epjc/s10052-015-3372-2
http://www.sciencedirect.com/science/article/pii/S0370269315001422

Fully hadronic tt

resonance searcn
Lots of non top background (QCD)
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Fully hadronic tt

resonance searcn
Lots of non top background (QCD)
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Fully hadronic tt resonance
search (Run 1)
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Scalar interpretation

3.6F

ATLAS Simulation Preliminary

Selection eff ~flat vs tanf

3.4
— H, e+jels \s=8TeV

3.2 My, = 500 GeV

2.8

3=

Eff x Acc x BR(tt—e/u+jets) (%)

gg production dominates over gg

2.6

.....
.

large cross section at low mass, o o
Sharply fa.|.|ll”.]g off ATLAS-CONF-2016-073
—> sensitivity up to ~11eV

X—> tt best suited for low tanp as, i.e. where couplings
to up-type quarks are larger

imits are set on sqQrt(mu)  us+ Jal + B= (u— i)S + Ja(S + 1) + B
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