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Why do we study the top quark ?

e The top quark is the heaviest elementary particle:
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e The top quark is unique:
- coupling to the Higgs boson close to 1: special role in the electroweak symmetry
breaking ?
- decay before hadronizing: unique way to observe a bare quark

e Special sector to search for new physics:
- top quark properties can be "altered" by new physics (Z', charged Higgs, SUSY, ...)
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Top quark properties

example from tt events

production: P
cross sections (inclusive, differential)
charge asymmetry \ aV
top polarization W- .~
color flow

/b

P P
Intrinsic:
T -~ > mass
b spin correlation

O\ > charge
decay: W+ width

W helicity '
branching fraction / j

anomalous couplings

Does the heaviest elementary particle behave as predicted by the Standard Model ?
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Top quark properties

+ properties with single top events
production: § |+ coupling with electroweak bosons

cross sections (inclusive, differential)
charge asymmetry \ aV
top polarization W- .~
color flow
/b
P )*( p
Intrinsic:
— S mass
1-
b spin correlation
Lo~ charge
decay: W+ width

W helicity
branching fraction / f

anomalous couplings

Does the heaviest elementary particle behave as predicted by the Standard Model ?
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Production and intrinsic properties
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Top-antitop charge asymmetry at the LHC

e At NLO, QCD predicts an asymmetry for tt produced via qq initial state

- the top quark is predicted to be emitted preferably in the direction of the incoming quark
- gg remains symmetric
- this asymmetry can be modified by new physics (Z, axigluons, .
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cms, 1

CMS tt charge asymmetry measurement

arXiv:1507.03119

e Several measurements
- inclusive and differential (vs |yt|, me, pTee: enhance new physics sensitivity)
- fiducial (minimize extrapolation) and full phase space

e Procedure (lepton+jets channel)
- reconstruction of the t and t four-momenta (likelihood criteria)
- background subtraction (fit M3 and MTw)
- correction for resolution/selection effects (unfolding through generalized matrix
inversion with regularization)
- acceptance correction to the fiducial or full phase space (diagonal matrix)
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http://arxiv.org/abs/1507.03119

CMS tt charge asymmetry results

Asymmetry (Ac)
Reconstructed 0.0036 £ 0.0017 (stat)
Background-subtracted 0.0008 #+ 0.0023 (stat)
Corrected for migration effects —0.0042 + 0.0072 (stat)

Fiducial phase space —0.0035 =4 0.0072 (stat) 4= 0.0031 (syst)

Theoretical prediction [Bernreuther, Si] [42] 0.0101 £ 0.0010

0.0010 = 0.0068 (stat) 4= 0.0037 (syst)

0.0102 =+ 0.0005
0.0111 +£ 0.0004

Full phase space
Theoretical prediction [Kiihn, Rodrigo] [9]
Theoretical prediction [Bernreuther, Si] [42]

Statistical uncertainty dominates
Largest systematic uncertainties: JES, unfolding

arXiv:1507.03119
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The measurement at high mt excludes new physics below 1.5 TeV at 95% CL
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CMS,/

Latest CMS tt charge asymmetry result

arXiv:1508.03862

e (Other analysis method

same data set (lower jet pt cut: pt>20 GeV)

template fit of the symmetric and asymmetric part of the reconstructed Yt
distribution (no unfolding) Ve = tanh Aly|;
sample composition estimated using a likelihood-ratio-based discriminant

biais checked with several MC models

Al = (0.33 £ 0.26 (stat) & 0.33 (syst))%
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ATLAS tt charge asymmetry measurement

e Measurements TOPQ-2014-16
- inclusive and differential (vs me, pTit, and |Bet|: enhance new physics sensitivity)
- measurements corrected to parton level

e Procedure (lepton+jets channel)
- reconstruction of the t and t four-momenta (likelihood fit)
- W-+heavy flavor scale factors: in-situ calibration in the unfolding
- correction for resolution/acceptance effects using full Bayesian unfolding
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ATLAS tt charge asymmetry measurement

TOPQ-2014-16

Source of systematic uncertainty SAc inclusive measurement:

(a) Jet energy scale and resolution 0.0016 Ac = 0.009 +0.005 (stat.+syst.)
Multijet background normalisation  0.0005
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Interpretation of the measurements

TOPQ-2014-16

A wide range of parameters for the BSM models can be excluded
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tt spin correlation

e Top quark lifetime is small:
- decay before tt spin decorrelates
- spin correlation propagates to top quark decay products

t t ‘o ARNPS 64, 363 (2014)
t % St
/ 5y
9r 6 9r gr(qr) qL) gr(qgp)
or > < > >

or

:>/1,// :>;//" - 34 :>/

like-helicity gluon (low Mtt) unlike-helicity gluon (high Mitt) %'
- Néy
Fraction of tt events with spin correlation: f = N” N
SM Uncor
e (CMS measurement using a matrix element method
- pioneered at the Tevatron
- mu+jets channel
- per-event probability with either Heor Or Huncor:
)% |M(y, H)|?
P(xi|H) = /fPDF C]l)fPDF(CD)dC]ldC]z( ) Jquz(sy ) W(x,y)dPe
- fit of the event likelihood ratio:-2 In Aevent to extract f A, = PISFI_}‘”CO;)
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CMS tt spin correlation results

CMS-PAS-TOP-13-015

e Extraction of the event fraction with spin correlation
- up to five jet events into the ME (kinematic fitter used to choose the 4 jets from tt)
- fand bkg fraction is fit with bkg, correlated and uncorrelated templates
- calibration of the results

, — 072 &+ 0.09 (stat) 215 (svst dominant systematic uncertainties:
featibrated ( ) —0.13 (syst) JES, scale variation, top mass

agree at 2.20 with the SM and 2.90 with uncorrelated hypothesis
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Top quark mass

e Why measuring the top quark mass ? . H
- free parameter of the SM W W W o Lw
- important parameter for vacuum stability NS A Y UFUUN VU U
- consistency of the SM (mt, mw, mn) b

summary of the direct mass measurements

ATLAS+CMS Preliminary my,, summary, \s=7-8 TeV TOPLHCWG
------- World Comb. Mar 2014, [7]
stat®JSF@ObJSF — Stat@JSFObJSF
total uncertainty total uncertainty
. My + tot. (stat@JSF@bJSF = syst) 1s Ref.
ATLAS, l+jets (*) — o 172.31+ 1.55 (0.75 = 1.35) 77TeV [1]
ATLAS, 'dilepton *) — 0 — 173.09 £ 1.63 (0.64 = 1.50) 77Tev [2] - uncertalnty on dlrect
CMS, l+jets - — 173.49 + 1.06 (0.43+ 0.97) 77Tev [3]
CMS, dilepton — =—f 172.50 + 1.52 (0.43 + 1.46) 77ev (4] measurements now
CMS, all jets —® — 173.49 = 1.41 (0.69 = 1.23) 77Tev [5]
LHC comb. (Sep 2013) I—H-l—l 173.29 + 0.95 (0.35 + 0.88) 7Tev [6] beIOW 1 GeV
World comb. (Mar 2014) e 173.34 + 0.76 (0.36 = 0.67) 1.95-7 TeV [7] - uncertai nty IN
ATLAS, l+jets e 172.33 +1.27 (0.75 + 1.02) 77Tev [g] int ti th d. t
ATLAS, dilepton b—ie —i 173.79 = 1.41 (0.54 = 1.30) 7TeV [8] Interpreting e direc
ATLAS, all jets —e—1751+ 1.8 (1.4 1.2) 7TeV (9] measurements into the
ATLAS, singletop ° 4 172.2+ 2.1 (0.7 + 2.0) 8 TeV [10]
ATLAS comb. (Mar201%)  1-eiq 172.99 + 0.91 (0.48 + 0.78) 7Tev [ top quark pole mass up
CMS, I+jets o : 172.04 = 0.75 (0.18 = 0.74) 8 TeV [11]
CMS, dilepton —o— 172.47 + 1.41 (0.17 = 1.40) 8Tev [12] to 0(1 GeV)
CMS, all jets o 172.08 + 0.89 (0.37 = 0.80) 8 TeV [11]
CMS comb. (Sep 2014) e—i: 172.38 + 0.65 (0.14 = 0.64) 7+8TeV [11]
§ [1] ATLAS-CONF-2013-046 [7] arXiv:1403.4427
[2] ATLAS-CONF-2013-077 [8] arXiv:1503.05427
May 201 5 [38] JHEP 12 (2012) 105 [9] Eur.Phys.J.C75 (2015) 158
(*) SU erseded b results [4] Eur.Phys.J.C72 (2012) 2202 [10] ATLAS-CONF-2014-055
h pb | th )I' [5] Eur.Phys.J.C74 (2014) 2758 [11] CMS PAS TOP-14-015
Shown Deow eine E [6] ATLAS-CONF-2013-102 [12] CMS PAS TOP-14-010
T T N T N AT N AN N TN N MO N NN T R S MR
165 170 175 180 185
m,, [GeV]
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ATLAS top quark pole mass using tt+1 jets events

np»r-=»

 New method to extract the top quark pole mass:
- from the normalized differential tt+1 jets cross section as a function of the inverse

of the invariant mass of the tt+1jet system: ps o, = _2mo
- lepton+jets channel (five jets events with 2 b-tagged jets) C S lger

- differential cross section unfolded to the parton level (S§VD) compared to NLO
+parton shower predictions

mP* = 173.7 + 1.5 (stat.) + 1.4 (syst.)*}? (theory) GeV

Em 4.5 }_ T T I T T T ] T T T I T T T I T T T _]
) - -y pole ]
Description Value % § 4 ATLAS tt+ 1 '1‘9'[1(‘_37|(\)l Iéoe-i\’/ PSform = =
- LOeV] E . .F \sc7TeV 46fy! -~ 175GeV ]
m! 173.71 o 85 \s=/ 1€V, 4. —--- 180 GeV —
Statistical uncertainty 1.50 0.9 - 173.7 GeV (best fit) -
Scale variations (+0.93, -0.44) |[ (+0.5,-0.3) 3E == Data =
Proton PDF (theory) and « 0.21 0.1 o5 - == =
Total theory systematic uncertainty (+0.95, -0.49) (+0.5, -0.3) ' - B
Jet energy scale (including b-jet energy scale) 0.94 0.5 o2 = —— ]
Jet energy resolution 0.02 <0.1 - R
Jet reconstruction efficiency 0.05 <0.1 1.5 ]
b-tagging efficiency and mistag rate 0.17 0.1 - e -
Lepton uncertainties 0.07 <0.1 1 - =
Missing transverse momentum 0.02 0.1 - .
MC statistics 0.13 <01 0.5F -
Signal MC generator 0.28 0.2 0 SRS S S | | | .
Hadronization 0.33 0.2
ISR/FSR 0.72 0.4 = 1.3 ' ' ' - 3
Colour reconnection 0.14 <0.1 @ . e '_"
Underlying event 0.25 0.1 -Dg | PR e i
Proton PDF (experimental) 0.54 0.3 - e ]
Background 0.20 0.1 & . F . i
Total experimental systematic uncertainty 1.44 0.8 0-70 0i2 0:4 016 0j8 1
| Total uncertainty (+2.29,-2.14) ) (+1.3,-1.2) | p. (parton level)
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CMS top mass from the tt cross section [

Method:

CMS-PAS-TOP-13-004

- extract the top quark mass in a well defined renormalization scheme by comparing
the measured tt cross section with the NNLO(+NNLL) theory computation

- precise measurement of the tt cross section (7+8 TeV) in the ey channel using a
template fit to the b jet multiplicity, the muiltiplicity and pt of other jets

O —

174.5 + 2.1 (stat) 457 (syst) + 3.8 (lumi)pb at+/s = 7TeV and

o = 245.6+ 1.3 (stat) i5_5 (syst) + 6.5 (lumi)pb at /s = 8 TeV.

- maximize the product of the experimental and prediction likelihoods

th: asymmetric Gaussian (PDF, as, beam)
convoluted with a box prior for the scales

exp: gaussian likelihood

2
L(m, 0w) = exp [(Uﬂ("”) — 0)

(A2_+‘An1i)

(h)
1 o (my) — oy
Lored(my, o) = ——— | erf | -t — erf
P d( t tt) C(nl,) ( [ \/EAP,+ ] [

dependency fit by an exponential

19.7 fb" (8 TeV)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP13004

Top quark pole mass determinations
compared to direct measurement

F. Déliot, LHCP 2015, 2-SEP-15

DO approx NNLO: MSTWO08, 1.96 TeV 2009 - 169.1 +Z?

DO approx NNLO: MSTW08, 1.96 TeV 2011 v 167.5fi'j
CMS NNLO+NNLL: NNPDF 30, 7+8 TeV 2015 g 173.6 = 1.8
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 £ 2.6
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 £ 2.6
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9?2':
ATLAS NLO: tt+1 jet, 7 TeV 2014* 173.7?’2":’
Direct reconstruction LHC+Tevatron 2014 i 173.3 i. 0.8
T B U R S T R N | BT R

140 150 160 170 180 190
m tp°'e [GeV]

CMS,
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Couplings with electroweak bosons

F. Déliot, LHCP 2015, 2-SEP-15
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Top couplings with electroweak bosons

The top quark might be connected to electroweak symmetry breaking
- couplings to Z and photon were never measured so far
- ttW and ttZ are the heaviest SM process that could be observed with Run 1 data
(expected cross section around 200 fb)
- extension of the Standard Model can modify them

ttW and ttz

- bins of lepton: 2, 3 or 4 leptons (2¢ OS, 2¢ SS, 3¢, 4¢)

- constrain on Z mass depending on the channels

- increase sensitivity by splitting in jet multiplicity/b-tagged jets
- backgrounds from data: "fake" leptons, charge misidentification
- background dominated regions to constrain it

F. Déliot, LHCP 2015, 2-SEP-15
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ATLAS ttW et ttZ results

ATLAS-CONF-2015-032

e Analysis strategy
- cut and count except for the 2¢ OS channel that uses a neural network
- simultaneous likelihood fit of ttW and ttZ cross sections

Process 1t decay Boson decay | Signature | has Z — £7¢~
ttW= ({*vb)(qgb) v OS dilepton no
({*vb)(qgb) v SS dilepton n/a
(C*vb) (LT vb) {*y Trilepton no
ttZ ({Xvb)(£Fvb) qq OS dilepton no
(qgb)(qgb) A OS dilepton yes
((*vb)(qgb) AN Trilepton yes
({=vb)(LFvb) ar Tetralepton yes
e Uncertainties R _ _
ncertainty OtiwW O+i7

- statistical dominates

) ] Luminosity 3.2% 4.6%
- systematic treated as nuisance parameters Reconstructed objects 3.7% 7.4%
Background from simulation 5.8% 8.0%
Fake leptons and charge misID 7.5% 3.0%
Signal modelling 1.8% 4.5%
Total systematics 12% 13%
Statistical +24% | -21% +30% | —=27%
Total +27% | =24% +33% | —29%

F. Déliot, LHCP 2015, 2-SEP-15


https://cds.cern.ch/record/2038143

Events / channel

ATLAS ttW and ttZ results

ATLAS-CONF-2015-032

o [ATAS e CRY 2L OS5 2LSS2 3L | 4L
5 { 1[_)ata \\\Z:tal unc. 0 :1 8 5 :- -:

107 BW Evonpromn 116

104 =ZRareSMDttZ 14

2b+

noZ Z Z 7 Z noZ noZ Z ee
e SE S
ttW significance ttZ significance

Channel | Expected Observed | Expected Observed
2008 0.4 0.1 1.4 1.1
2(SS 2.8 5.0 E -
3¢ 1.4 1.0 3.7 33
4¢ - - 2.0 2.4

Combined | 3.2 45

oiiw = 369750 (stat.) + 44 (syst.) fb
Ti177 = l76fi§ (stat.) + 24 (syst.) b

first observation of ttW
cross section consistent with the SM
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https://cds.cern.ch/record/2038143

CMS ttW and ttZ results

Analysis strategy

CMS-PAS-TOP-13-015

full event reconstruction (likelihood ratio to match jets with lepton from the top)
matching reconstruction quality and kinematic quantities input to BDT to
distinguish signal from background

Uncertainties
statistical dominates

systematic treated as nuisance parameters

Reduction in signal strength uncertainty

Systematic uncertainties removed ttW ttZ
Signal modeling 52%  7.1%
Nonprompt backgrounds 12.5%  0.5%
Inclusive prompt backgrounds 0.7%  2.6%
Prompt backgrounds with extra jets 0.2% 3.4%
Prompt backgrounds with extra heavy flavor jets 0.0% 1.1%
b tagging efficiency 6.1% 7.3%
Jet energy scale 14% < 0.1%
Lepton ID and trigger efficiency 0.3% 0.5%
Luminosity and pileup 0.7% 0.5%
Bin-by-bin statistical uncertainty 4.4% 1.2%
All systematic uncertainties 31% 29%

F. Déliot, LHCP 2015, 2-SEP-15

3! + =4 jets + b-tags
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CMS ttW and ttZ results

CMS-PAS-TOP-13-015

Cross section (fb) Signal strength (p) Significance
Channels | Expected | Observed | Expected | Observed | Expected | Observed i i -
- oo ® | a1ar % | 1005 | 20007 | a4 5 first observation of ttZ
~73 ~112 V-0.36 VE_0.61 . : - - -
. 203425 | 210°2 | 10789 | 103718 | 10 0 cross section consistent with the SM
SS+30 | 20378 | 3s2fl7 | 10t043 | 1ggt066 | 35 — -
= MS Prelimi 80
Cross section (fb) Signal strength (u) Significance T
Channels | Expected | Observed | Expected | Observed | Expected | Observed > "
o]
142 158 0.72 0.76 = 60
0S 2067142 | 257+15%8 | 104072 | 125076 1.8 2.1 = 400 .
79 85 0.42 0.45 ke
3¢ 206", 25770 | 10703 | 1.2570%0 4.6 5.1 = 50 ¢
153 150 0.77 0.76 Q <
40 2067153 | 2287150 | 104077 | 1114078 2.7 3.4 in 300 407
OS+3¢+4C | 20678 | 24278 | 1.0705> | 1181037 5.7 g . 59
|Ej 20
600 7 ~
N CMS Preliminary % zzg:g:gg 100
> cuB=0.03
" X cuB=0.05 % 100 200 300 400 500
= X cuB=0.06 ttW cross section [fb]
= 400 > cuB=0.07
o > cuB=0.09
5 X cuB=0.10
i 300 X cinoois e New physics interpretation
3 X cuB=0.14 g .
© oo X Eﬁzﬁ - effective field theory approach
cub=0. .
B X cus=0.18 - 5 selected dim-6 operators
100 O sm
% Dbest fit (ttw, tt2)
X Dbest fit cuB (-0.07)
0 X best fit cuB (-0.07)

100 200

300

400

ttW cross section [fb]

F. Déliot, LHCP 2015, 2-SEP-15 24


http://cds.cern.ch/record/2037139

Events/ GeV

ATLAS tt y result

e Analysis strategy

epton+jets channel with at least 1 b-tagged jet, Er(y) > 20 GeV
profile likelihood fit to the photon track-isolation distribution
background template from multijet events with inverted photon shower shape

measurement within the fiducial phase space

IlllIIIIIIIIIIIII]IIIIII]IIII| IIIIII

$
102 ATLAS Muon channel |
= 1 —+- Data -
= |\s=7 TeV, |Ldt=4.59 fb (—J Signal —
C [y background |
L [ Hadron fakes |
S Total uncertainty from fit
10 E
= N =
B S N i
L §
L S\ ; \
| N \
1 0-1 1 1 I 1 1 1 l 11 | l 1 1 1 l 1 1 1 l 11 1 l 1 1 | I 1 1 1 l 11 1 I 11
0 2 4 6 8 10 12 14 16 18 20

ps° [GeV]

PRD91, 072007 (2015)

Uncertainty source

Uncertainty [%)]

Background template shapes 3.7
Signal template shapes 6.6
Signal modeling 8.4
Photon modeling 8.8
Lepton modeling 2.5

Jet modeling 16.6
b-tagging 8.2

EXss modeling 0.9
Luminosity 1.8
Background contributions 7.7

140 (e) and 222 (u) events observed
52414 and 100+28 determined to be tty

ofid x BR = 63 4 8(stat.) T15 (syst.) £ 1 (lumi.) fb

tty

first observation of tty (5.30)

SM: 48+10 fb

F. Déliot, LHCP 2015, 2-SEP-15
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Flavor changing neutral currents

F. Déliot, LHCP 2015, 2-SEP-15
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FCNC
in the Standard Model, FCNC forbidden at tree level due to the GIM mechanism
allowed at one-loop level but orders of magnitude suppressed: < 1012
numerous Standard Model extensions predict higher
2HDM, MSSM, ...): enhancement up to 10 - 10~

Flavor changing neutral current in top decays

branching ratio (quark singlet,

any measurable branching ratio for top FCNC decays would be an indication of new physics

Snowmass, arXiv:1311.2028

Process SM 2HDM(FV) 2HDM(FC) MSSM  RPV RS
t— Zu 7 x10717 = - <1077 <106 ~
t > Zc 1x1071 <10°° <107 <1077 <1079 <107°
t—qgu 4x10"H — — <1077 <1076 —
t—gc 5 x10712 <104 <10°® <1077 <1079 <1070
t —~yu 4x10716 — — <107% <107? ~
t—-~yc 5x10"1 <1077 <107Y <107% <107 <107°
t—hu 2x107'17  6x107° <10=° <107°

t +hec 3x107¥ 2x1073 <107° <107° <107 <10

F. Déliot, LHCP 2015, 2-SEP-15
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Analysis strategy

- final state with 3 leptons: tt = u/cZ(—#¢) W(—+v)b
- dim-6 effective couplings implemented in simulation

ATLAS search for t—qgZ

- best combination to reconstruct the top kinematics determined

F. Déliot, LHCP 2015, 2-SEP-15

ner-=p»

arXiv:1508.05796

with a x? >
- WZ, ttZ and fake control region
Sample Yields Source Background [%] Signal [%]
VYZ 1.3+£02+0.6 Background modelling 17 —
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’ ’ ﬂ < ]
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CMS search for t—c/uH

CMS-PAS-TOP-14-019

e Analysis strategy
- hadronic and leptonic final states: tt =u/cH(—yy) W(—#/h)b H°
- jet/photon/lepton pairing to get close top and antitop masses t
- background:

u,C

* shape of resonant yy background from MC

* shape/normalization of non resonant yy background fitted from data
100 <My< 180 GeV Hadronic channel | Leptonic channel
gata t diphoton back d 0152:t02?)21( tat.) 0038i08008( tat.) Siife=arl< 07 (2492 071

esonant dipnoton backgroun . . stat. . . Stat. .

Non-resonant diphoton background 28.9 + 5.4 (stat.) 8.0 £ 2.8 (stat.) BR(t_’ UH)< 0.42 (exp. 065)
expected signal yields for B (t — cH) = 1% | 6.26 & 0.07 (stat.) | 1.91 % 0.04 (stat.) at 95% CL
expected signal yields for B (t - uH) =1% | 7.09 & 0.08 (stat.) 2.02 #+ 0.04 (stat.)

19.7 fb ' (8TeV) 19.7 fb ' (8TeV)
T T T | T T T : T T T : T T T | T T T | T T T | T T T T T T I T T T [ T T T [ T T T | T T T I T T T I T T T
- CMS RS - - hadronic+leptonic channels.— I, " L ————— S— hadronic+leptonic channels.-—
0 Prelimipary | | ----observed Preliminary ‘ ‘ ----observed
e . gXpected 10 ' :

signal strength r at 95% CL
signal strength r at 95% CL

T I TTTTTT

10-1 L1

o
o
N
o
BN

06 08 1 12 14 L ey I T R R TR
B (t — cH) [%] B (t — UH) [%]
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ATLAS search for t—u/cg

t—qg in tt is overwhelmed with multijet background
- sensitivity via single top production

Analysis strategy
- lepton+jets channel

- strong top FCNC implemented through dim-6 effective couplings
- a Neural Network is used to separate signal from background

with 13 input variables

— 18000
o C e Data ]
~ 16000-ATLAS — FCNC (50pb) =
= - \s=8TeV, 20.3f0”" [ Single top .
o 14000 Signal region . —
L C I W+LF N
12000 B W+HF =
C Z+jets, diboson N
10000 ¢ B Multi-jet -
C . Uncertainty
8000 —
6000F -
4000
2000
0
e T
g) 1.1; 2 —
(x% 1 S5 /_'4 /I '//I 7 7z /8
D 0.9 <
- 0.8 —
(U C 1 1 1 ]
g -1 -0.5 0 0.5 1
NN Output

arxiv:1509.00294

u,c

-3
—0g0f0
2 - ATLAS \s= 8 TeV, 20.3 b1
5’0.257 —:
’ — Observed ]
0.20 — - Expected -

; t10

— B(t — ug) <4.0x 107>

_ B(t — cg) < 17 x 107>
E at 95% CL

Excluded region

:><10'3

L 0 : PR S R B!
0.00 0.02 0.04 0.06 0.08
B(t—ug)

Systematic uncertainties dominated by jet energy resolution,
MET modeling and multijet background modeling
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Conclusion

e The top quark is an unique tool to search for new physics
- the top quark properties have been precisely scrutinized with Run 1 LHC data
- several processes were observed for the first time (tt+Z/W/y)
- single top production starts to be utilized for top quark property measurements
so far it seems to behave as expected by the Standard Model

e See all details in the parallel session talks
- mass: Nathan Mirnan, Teresa Barillari
- single top: Benedikt Maier, Reinhard Schwienhorst
- tt: Cecilia Gerber, Boris Lemmer

e With LHC Run 2 at 13 TeV, we will enter another new area for top physics
- higher energy (e.qg. tt+Z/W/y/H)
- higher precision (i.e higher mass scales for new physics)
- higher statistics (differential property measurements)

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

(— T T T | T T T T T T
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W-boson helicity

e Study of the Wtb vertex
- through W boson polarization in top decays
- right-handed W not predicted in the b-quark massless limit
- W helicity fraction measured using angular distributions of the charged lepton from

the top decays Fo: longitudinal

1}

ud W
l I
angle between the charged lepton in ,Q.
the W rest frame and the momentum '
of the W in the tOp rest frame Theoretical Cos6* distributions
O;é —— Standard Model
0-8_ —— Longitudinal
1 d F 3 3 3 ' — Left-handed
Tdcosd” §(1 —cos 0))*F + §(1 + cos 0 )*Fg + 1 sin” 07 F o Aight handed
l k=

Z130.5

0.4

Illll]TlI TIIIIIITTIIITTI1IIII

0.3
0.2

0.1

07 lol.' ' -|0=.6I ' lo|.4' l lol.2' l 't|J' ' 'o.lzl ' 'o.|4' 0.6 o.ls' N
coso*
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Events/0.2

Data/MC
o —

CMS W-boson helicity results

e (CMS measurement using dilepton events with 2 b-tagged jets
- need to reconstruct the tt kinematics (analytical matrix weighting technique)
- fit the reweighted simulated distributions to the observed cos8™ data distribution
- Fo, FL and detector inefficiencies/acceptance extracted from the fit

CMS-PAS-TOP-14-017

Fo = 0.653 + 0.016(stat) + 0.024(syst)  F. = 0.329 £ 0.009(stat) + 0.025(syst)

N

—
o
T

o . Vo N S o (09}
1T 17T T 17T T T

in agreement with the SM predictions dominant systematic uncertainty:
scale variations
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Color flow in tt events

tt final state: unique tool to study color connections in QCD
- data compared to simulation with a W that is color-charged or color-neutral
- observable: jet pull angle, i.e. angle between pull vector and vector
connecting two jets
- jet pull angle: expected to be ~ 0 if the 2 jets are color-connected

N pilril AP =99
Up = Z 7 Vi A
ic; Pt

Legend

«=» Pull (vector)(Jy)
6p Pull Angle
e Constituent of Jj (size weighted by pr)

>
Ay =y—yy,

Colour Singlet Colour Octet

F. Déliot, LHCP 2015, 2-SEP-15

35



ATLAS color flow measurements

e Measurement procedure (lepton+jets channel)
- background subtraction
- corrections for detector resolution and acceptance effects: unfolding to particle
level (iterative bayesian technique)
- jet pull angle using charged particles (tracking based) or all particles (calorimeter

arXiv:1506.05629

based)
agree with the SM color flow at 1.1, differ from flipped model at 3.30
o |2 1.3FATLAS s Data <4 o [2.1.3FATLAS o Data =
o] 3 - -1 ; . (o] - -1 . .
Ol a [\s=8TeV,203f" __ smf . O[a [\s=8TeV,203fb" __ smf :
T 1.2 Powheg+Pythias —| 8 1.2 . Powheg+Pythias —|
e —— Flipped tt - —2 & 2 Flipped tt -
© _ e Powheg+Pythia6 ] © B Powheg+Pythia6 ]
1.1 SM i B 1.1 SM i e
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: s : “ :
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© - —+—t —t+—t : - © - | | | | —]
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0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Charged particles 6,(J 1,J2) [rad]/m All particles 6,(J 1,J2) [rad]/m

dominant systematic uncertainties: tt modeling
see also CMS note: CMS-PAS-JME-14-002

F. Déliot, LHCP 2015, 2-SEP-15 36


http://arxiv.org/abs/1506.05629
https://cds.cern.ch/record/1754913

