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ttZ /W Introduction

ttZ helps to test Standard Model
predictions:

* probe tZ coupling directly

Sensitive to physics BSM like 9
vector-like quarks, technicolor and
little Higgs

* W andttZare backgrounds in
multileptonttH and SUSY searches
(SS 21, >=3l)

tt can decay to 0-2 leptons, W can decay to 0-1 leptons and Z boson can decay
to O or 2 leptons

Expected 0-4 leptons in the final state

 Each channel can be split according to lepton flavours



ttZ /W @ 8 TeV in ATLAS Using 20.3 fb-
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* The opposite-sign dilepton, trilepton and tetralepton are
sensitive to ttZ

e Same-sign dilepton channel targets ttW production


http://link.springer.com/article/10.1007/JHEP11(2015)172

ttZ /W @ 8 TeV in ATLAS: Background

JHEP11(2015)172

* 19 regions considered defined according to number of leptons,
jets and b-tagged jets

« Background (bkg) compositions vary across different regions
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e Backgrounds estimated via MC or data: main bkgs normalised by
control regions, instrumental bkg by data, others small bkgs by MC


http://link.springer.com/article/10.1007/JHEP11(2015)172

ttZ /W @ 8 TeV in ATLAS: Signal Extraction

JHEP11(2015)172

e 3 separate neural networks are utilised to enrich the signal in the 2|-noZ-4j,
2l-no/Z-5] and 2|-Z-5] regions
e Hy distributions are used in 2|-Z-3] and 2|-Z4|
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 The ttZ and W production cross sections are extracted with
simultaneous fit using binned likelihood over all regions


http://link.springer.com/article/10.1007/JHEP11(2015)172

ttZ /W @ 8 TeV in ATLAS: Results

JHEP11(2015)172
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http://link.springer.com/article/10.1007/JHEP11(2015)172

ttZ /W @ 13 TeV in ATLAS Using 3.2 fb-

arXiv:1609.01599

List decay modes considered in the analysis

Test SM at new energy scale
Similar to 8 TeV analysis but only
the most sensitive channels used

ttW sensitive regions:
* 2Mu-SS
e 3L-noZ-2b

/ regions sensitive to ttZ

2 more control regions to control
the background
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http://arxiv.org/abs/1609.01599

ttZ /W @ 13 TeV in ATLAS: Results

arXiv:1609.01599

e Simultaneous binned likelihood
fit performed to extract the cross

sections
Uncertainty O1iz  Oww
Luminosity 2.6% 3.1%
Reconstructed objects 8.3% 9.3%
Backgrounds from simulation 5.3%  3.1%
Fake leptons and charge misID  3.0% 21%
Total systematic 11%  22%
Statistical 31%  48%
Total 32%  53%

e Statistical uncertainty dominates
e Systematical uncertainty mainly

from:

* reconstructed objects and

bakg. in ttZ

* reconstructed objects ttW
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http://arxiv.org/abs/1609.01599

ttZ /W@ 8 TeV in CMS Using 19.5 fb-

JHEP 01 (2016) 096

* 5 exclusive channels targeting different decay modes
Channel OS ttZ SS ttW 30 ttW 3L ttZ 40 ttZ
Lepton flavor ee/up | ey | ee |eu | uu Any Any Any
Lepton ID 2 loose 2 tight SS tight | SStight 4 loose
Lepton charge ID >0 pass 2 pass SS pass SS pass 4 pass
Z — ¢f candidates 1 0 0 >1 2 1
Number of jets 5 >6 3 >4 1 >2 3 >4 >1
Number of b tags >1 medium >2 loose or >1 medium >1 loose
Other Z — ee veto Hss> 30 GeV
Subchannels 4 6 2 2 2

* Channels are divided into sub-channels according to the
lepton flavour and jet multiplicity, 16 channels in total


http://link.springer.com/article/10.1007%2FJHEP01%282016%29096

ttZ /W @ 8 TeV in CMS: Signal Extraction

JHEP

01 (2016) 096

« BDTs are used to enhance the S/B
e A separate BDT is trained in each category for each jet multiplicity
 BDTs are trained against the dominant background in that region
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http://link.springer.com/article/10.1007%2FJHEP01%282016%29096

ttZ /W @ 8 TeV in CMS: Results

JHEP 01 (2016) 096

ttZ and ttW cross sections extracted in a separate 1-dimensional

binned likelihood fit using relevant channels for each process

oz = 2427102 fb
signal strength = 6.40

ouw = 2827105 tb

signal strength = 4.8c

Dominant uncertainties:
* b tagging efficiency
e signal modeling

e background rates
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http://link.springer.com/article/10.1007%2FJHEP01%282016%29096

ttZ /W @ 13 TeV in CMS Using 12.9 fb-1

CMS-PAS-TOP-16-017
o Similar to 8 TeV analysis

BDTG > 0 is considered
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-017/index.html

ttZ /W @ 13 TeV in CMS: Results

CMS-PAS-TOP-16-017
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-017/index.html

tZg @ 8 TeV in CMS: Introduction

CMS-PAS-TOP-12-039 . . . . . ... . 5m |

| Motivation | § ’
» Important test of the SM predictions @ @
e Sensitive to the coupling of the top Vé Wg

quark to the Z boson b %t ‘
* Helps to measure the WW/Z z

coupling directly ’ @
* Background of Ht channel X S t
 Same final state as in FCNC-tZ ‘ FCNC

analysis, with the additional quark | O
missing g é § t é

-------------------------------------------------------------------------

14


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-12-039/index.html

tZg @ 8 TeV in CMS: Procedure

CMS-PAS-TOP-12-039

Selected events with 3 leptons

Used BDT to enhance S/B and

trained with signal against ttZ

and WZ backgrounds

mtW distribution is used to control

the non prompt leptons and WZ

* templates are created by
inverting the isolation cuts

A similar BTD is trained for

FCNC-tZ signal against all SM
backgrounds
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-12-039/index.html

tZg @ 8 TeV in CMS: Results

CMS-PAS-TOP-12-039

The significance of the measured
Cross sectionis 2.4 o

OtZq — 10i_§ th

The predicted cross section is
+0.59 b

Otzq = 827003

The observed upper limit on the cross
section is 21 fb at 95%CL

Dominant uncertainties:

e statistical uncertainties

* |luminosity around 2.6%
* pileup around 5%
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Results from FCNC search:

* No excess over SM background
observed

* Upper limits at 95% CL

Br(t — Zu)=0.022%
Br(t — Z¢)=0.049%



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-12-039/index.html

Summary

« Associated production of top quarks with heavy vector boson is
measured at different CME by both ATLAS and CMS Collaborations;
good agreement with the SM predictions

 With the13 TeV incoming data, these measurements will be improved

* The search for single top quark associated to the Z boson is
conducted by CMS Collaboration at 8 TeV, good agreement with the
SM

* The search for tZ is being performed by ATLAS Collaboration using
data collected at 13 TeV

17
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ATLAS 8 TeV

Process tt decay Boson decay Channel Z— {7
(C*vb)(qgb) " OS dilepton no
g (CEvb)(LFvb) qq OS dilepton no
(£*vb)(qqgb) *v SS dilepton no
(CEvb)(LFvb) *v Trilepton no
(E*vb)(£Tvb) qq OS dilepton no
7 (ggb)(qqb) AR OS dilepton yes
(¢*vb)(ggb) tre Trilepton yes
(CXvb)(CTvb) Erg Tetralepton yes

Table 1: List of t#W and t#Z decay modes and analysis channels targeting them. The last column indicates whether
a final state lepton pair is expected from a Z boson decay.



ATLAS 13 TeV

Table 4: Expected event yields for signal and backgrounds, and the observed data in all control and signal regions
used in the fit to extract the ##Z and W cross sections. The quoted uncertainties in expected event yields represent
systematic uncertainties including MC statistical uncertainties. The tZ, tWZ, ttH, three- and four-top-quark pro-
cesses are denoted r + X. The WZ, ZZ, H — ZZ (ggF and VBF), HW and HZ and VBS processes are denoted
‘Bosons’.

Region 1+ X Bosons Fake leptons  Total bkg. 1w 1z Data
36-WZ-CR | 0.52+0.13 26.9+2.2 22+1.8 295+28 | 0.015+£0.004 0.80+0.13 33
4(-27-CR < 0.001 39.5+2.6 1.8+0.6 412+27 < 0.001 0.026 +0.007 39

2u-SS 0.94 +0.08 0.12+0.05 1.5%1.3 25+1.3 2.32+0.33 0.70+0.10 9
3(-Z-2b4j 1.08 £0.25 0.5+04 < 0.001 1.6+0.5 | 0.065+0.013 55+0.7 8
3(-Z-1b4j 1.14 +0.24 F3x22 22+ 1.7 6.7+2.8 | 0.036+0.011 43+0.6 7
3(-7Z-2b3; 0.58 +0.19 0.22+0.18 < 0.001 0.80+0.26 | 0.083+0.014 1.93+0.28 4
3(-n0Z-2b | 0.95+0.11 0.14+0.12 3.6+2.2 47+22 1.59 +0.28 1.45+0.20 10

4£-SF-1b | 0.212 +0.032 0.09 +0.07 0.113+£0.022 042+0.08 < 0.001 0.66 +0.09 1
4£-SF-2b | 0.121 +0.021 0.07 £ 0.06 0.062+0.012 0.25+0.07 < 0.001 0.63 +0.09 1
4£-DF-2b 0.25+0.04 0.0131+0.0032 0.114+0.019 0.37+0.04 < 0.001 0.75+0.10 2
4£-DF-1b 0.16 £0.05 < 0.001 0.063+0.013 0.23+0.05 < 0.001 0.64 +0.09 |




CMS -8 TeV

= Constraints on the axial and vector components of the tZ coupling
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Figure 9: Difference between the profile likelihood and the best fit profile likelihood functions
for the relative vector and axial components of the tZ coupling. Contours corresponding to the
best fit and the 1, 2, and 3 standard deviation (¢) CLs are shown in lines.



CMS -8 TeV

= Constraints on dimension 6 operators
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Table 9: Constraints from this ttZ and ttW measurement on selected dimension-six operators.

Operator | Best fit point(s) 1 standard deviation CL 2 standard deviation CL
CuB —0.07 and 0.07 [-0.11, 0.11] [—0.14, 0.14]
Caw —0.28and 0.28 | [-0.36, —0.18] and [0.18, 0.36] [—0.43, 0.43]
HO 0.12 [-0.07,0.18] [-0.33, —0.24] and [—0.02, 0.23]
CHu —0.47 and 0.13 | [-0.60, —0.23] and [-0.11, 0.26] [—0.71, 0.37]
CHQ —0.09 and 0.41 [—0.22, 0.08] and [0.24, 0.54] [-0.31, 0.63]




CMS tZ-FCNC search

CMS Preliminary 19.7 fb™ (8 TeV) CMS preliminary 19.7 fb™! (8 TeV)
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Figure 7: Data to prediction comparisons for the tZ-FCNC search after performing the fit for
m}" distribution in the control region (top left), and for the BDT responses in the single top
(top right) and tt (bottom) signal regions. The four channels are combined. An example of the
predicted signal contribution for a BR(t—Zu) = 0.1 % is shown for illustration.



Searc

hes for FCNC

CMS Preliminary, 8 TeV September 2016
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