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Introduction



The top quark

e Discovered in 1995 at the Tevatron

* Pointlike particle as massive as a
gold atom (the only natural

Forces Yukawa COUpling!)

* Only quark decaying before
hadronising (information on a
bare quark!)

» Standard Model predicts all its
properties given its mass (any
deviation means new physics!)
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Delivered: 22.8 fb™'
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Top quark production

Standard Model Total Production Cross Section Measurements suius nov 2015

The LHC is a top factory

g 10" Ego ATLAS  Preliminary Theory
N RUN12 V5=7,8,18TeV |  Lucpp veerTev
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Several million top quarks produced in Run 1
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Top quark decay

* Top quarks decay to Wb with about 100% BR

e Experimental signatures based on W decay
I*, q

~ !

Vv, 4

W+

Top Pair Branching Fractions

“alljets” 46%
Ttjets 15%
T °g°

ntjets 15%

"dileptons” "lepton+jets”
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* Three signatures for top pairs
Jets include hadronic tau decays
Leptons include leptonic tau decays

* Alljets: high rate, large background
(multijet)

* Leptontjets: medium rate, acceptable
background (W+ijets)

* Dilepton: low rate, small background
(Z+jets, diboson)
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Measurements and searches

Standard Model New physics
Cross section

9 xRN —>— ¢ gm " Charge asymmetry Resonances
oo " Spin correlations Vector Like Quarks
g t 4 t Top polarisation Scalar tops
QM ; q>m< : Mass FCNC

. 7 / Charge Anomalous Wib
U e
b t b

Couplings
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Charge asymmetry



Observables

Centralforward asymmetry due to interference at NLO and PDFs

LHC
Top-antitcp =" > Leptonic
asymmefry Rodrigo, ch:v:1207.0331 asymmefry

[+jets and dilepton dilepton only
requires kinematic reconstruction no kinematic reconstruction
Alyl = |yl =y Alpl = [l = -
Ay — N(Aly| >0) = N(Ay| <0) qct _ VA > 0) - NAlnl < 0)
N(Aly| > 0) + N(4Jy| <0) © N(Alnl > 0) + N(Alp| < 0)
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http://arxiv.org/abs/1207.0331

Leptontijets @ 8 TeV

Inclusive and differential measurements, uncertainty dominated by statistics
Full event reconstruction with kinematic fit, unfolded to parton level
All results compatible with theoretical predictions in SM

Ac = 0.009 £ 0.005 (stat. + syst.) arXiv:1509.02358

My . . ﬁz,tf . pT,tf
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http://arxiv.org/abs/1509.02358

Boosted top @ 8 TeV

Inclusive and differential measurements

o 0.3 | |
in the fiducial phase-space < T ATLAS 8TeV, 203 fo"
mﬂ>0.75 TeV, -2<AI)’I <2 0.2 |
Hadronic top decay reconstructed from . -
substructure of large-R jet (top-tagging) | :{ 1 % T
Unfolded to parton level o~ I | -
All results compatible with theoretical 4 _
predictions in SM T
0.2 | R
] 0.75 0.75-09 09-13 >1.3
arXiv:1512.06092 ” m, nterval [TeV]
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http://arxiv.org/abs/1512.06092

Dilepton @ 7 TeV

Inclusive ttbar and leptonic asymmetry measurements
Uncertainty dominated by statistics
Event reconstruction with neutrino weighting technique
Asymmetry and distributions unfolded to parton level
All results compatible with theoretical predictions in SM

JHEP 05 (2015) 0461
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http://link.springer.com/article/10.1007/JHEP05(2015)061

CA Summary

[%]

C

A

Comparisons with BSM models
compatible with Tevatron results
W’ model strongly disfavoured

® ATLAS data

+
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Flavour Changing Neutral Current




q

FCNC vertices

y4 - g %/
f . Highly suppressed in SM
z > Strong enhancement in BSM possible
— I— —
O\, gf666666 a i,c
K. Agashe et al., arXiv:1311.2028
Process SM 2HDM(FV) 2HDM(FC) MSSM  RPV RS
t— Zu Tx10717 ~ - <1077 <106 _
t—Zc 1x1071 <107 <1071 <1077 <107% <107°
t—gu 4x107 - - <1077 <10°6 _
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http://arxiv.org/abs/1311.2028

t—=Zg @ 8 TeV

Events with 3 leptons, at least 2 jets, at least 1 jet b-tagged, and MET

/

Z . Event reconstruction via X? minimisation
q t ° °
q No evidence for signal
g ) b
q t - o O
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http://arxiv.org/abs/1508.05796

t—+Hq @ 7 and 8 TeV

Events with 1 lepton, at least 4 jets (H—bb) and MET

Combination with other Higgs decay modes

14

g NG No evidence for signal

TSH<D BR(t—Hu) < 0.46% @ 95% CL

om0 BR(—He) < 0.45% @ 95% CL

JHEP 12 (2015) 061
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http://link.springer.com/article/10.1007/JHEP12(2015)061

qg—t @ 8 TeV

Events with 1 lepton, 1 jet and MET
e b Selection via neural network

¢ No evidence for signal

W BR(t—ug) < 4.0 - 10° @ 95% CL
g " arXiv:1509.00294

BR(t—cg) <20 - 10° @ 95% CL
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http://arxiv.org/abs/1509.00294

FCNC Summary

Present best FCNC limits
t—=cX t—=uX

ATLAS Preliminary ATLAS Preliminary
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Anomalous Wib vertex




Observables

Effective Lagrangian for the Witb vertex

Lwip = _igy/“‘ (VLPL + VRPR)tW  — 9 Eio-luqu (gLPL + grPr)tW, + h.c
MRYG) b2 my g

W direction in top rest frame SM: VL= Vi, Vg = gLR = 0

arXiv:1510.03764

Expectation for different fractions f; of
transversely polarised W and phases .

o
o
[o¢]

S 0 | ATLAS Simulation
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2 | 1=03,58=0.0(SM)
S 0.06F - 1=0.3,5.=0.1r
o [ --f=01.5=0.0
© L
S 0.04
g |
‘o002 /- ERINN
F~"" cos(6*)e[-1.0,-0.5] .
005 "1 15
. . . J6|u
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http://arxiv.org/abs/1510.03764

single top @ 7 TeV

Events with 1 lepton, 1 b-jet, 1 forward jet and MET

Cut based background rejection »
Unbinned likelihood fit arXiv:1510.03764

Al L L T T UL L L DL L
S 80 aTLAS T T T+ Data 00 (SM) ]
~ e _ -1 Ea 1 1 —TI=V.0, =V.
L‘|’>J’ 60 cos(8*)e[-1.0,~0.5] T I ]
40}
20} ]
- cos(6*)e[-0.5,0.0] cos(6*)€[0.5,1.0] } I
1 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1
0 0.5 1 15 . . 0.5 1 15
o*/m o/ o/ o*/m

0.37 £ 0.05 (stat.) = 0.05 (syst.),

—

[Py

0.6

0.2

0.5F
0.4F

0.3F

— 0.0147 £ 0.0237 (stat.) + 0.0287 (syst.).

gr

L

] € [-0.36,0.10] and Im[‘g/—R] € [-0.17,0.23]

- ATLAS
- \s=7TeV, 4.61fb"

) S A I

+ Best Fit ]
o SM _
[@e68% CL A
l []95% CL -
P L
-0.05 01 0.15
3

Re[gR/VL]

0.4

0

0.2}
0.4f

-0.6F

0.2f

L
_|II\\‘\\\\ LI L LI Illlll\ll‘\l\\l_
— ATLAS + Best Fit |
L \s=7TeV, 4.6 fb" « SM
— [[es8% CL
[]95% CL ]
e b b v by v by v by v by vy by 1 T
04 03 -02 01 0 01 02 03 04

Top properties and new physics

Im[gR/VL]

J6|u

sonannes GUTENBERG
UNIVERSITAT MAINZ


http://arxiv.org/abs/1510.03764




Further recent results

* For more results see TopPublicResults

* More properties, e.g.:
* spin correlations: PRL 114 (2015) 142001, arXiv:1510.07478
e color flow: PLB 750 (2015) 475-493
*top quark pole mass: JHEP 10 (2015) 121

* More top quark measurements in Giuseppe Salamanna’s talk

* More searches for exotic top quark production in Jose Benitez's talk
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L. Masetti - 08/01/16 25 Top properties and new physics ! ‘

sonannes GUTENBERG
UNIVERSITAT MAINZ
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http://dx.doi.org/10.1007/JHEP10(2015)121

Conclusions



Summary and outlook

* Millions of top quarks have been produced at the LHC
* Precision measurements of properties and searches for new physics
*In particular: charge asymmetry, FCNC and Wtb vertex structure

*|n spite of many direct and indirect searches... no evidence for deviations
from SM predictions (yet)

* Boosted topologies to play important role, not only for searches (top
tagging techniques already thoroughly exercised)

* Single top t-channel well established in SM, now used for BSM searches
and measurements

* More millions of top quarks in Run 2
* Stay tuned for more!
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Total Integrated Luminosity [fb™]

Run2 performance

w
T T | T T | T T I T T | T T ] T T

T T | T T
ATLAS Online Luminosity  /s=13TeV
] LHC Delivered
[ ] ATLAS Recorded

Total Delivered: 4.2 fb™
Total Recorded: 3.9 b’

T I T T T I T T T I T T T

L1 | l I |

Run: 267638
Event: 193690558
2015-06-13 23:52:26 CEST

O TS R
23/05 20/06

18/07 15/08 12/09 10/10 07/11

Day in 2015

Inner Tracker ~ Calorimeters Muon Spectrometer Magnets
Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid
935 994 983  99.4 100 100 100 100 100 100 97.8

All Good for physics: 87.1% (3.2 fb1)

Luminosity weighted relative detector uptime and good data quality (DQ) efficiencies (in %) during stable
beam in pp collisions with 25ns bunch spacing at Vs=13 TeV between August-November 2015,
corresponding to an integrated luminosity of 3.7 fbX. The lower DQ efficiency in the Pixel detector is due to
the IBL being turned off for two runs, corresponding to 0.2 fb-l. Analyses that don’t rely on the IBL can use
those runs and thus use 3.4 fb-! with a corresponding DQ efficiency of 93.1%.
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